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Abstract 
KEITH E. GILSTER 
Um.er the supervision of Professor Richard C. Wahlstrom 
Two hwxired sixteen crossbred barrows and 96 crossbred gilts 
were used in a series of three experiments to determine the effect of 
dietary protein level during three different growth periods on growth 
am quantitative and qualitative carcass traits of the growing­
finishing pig. Pigs were fed from approximately 20 to il3 kilograms. 
Corn-soybean meal diets fortified with recanmended levels of vitamins, 
minerals and an antibiotic were fed. Pigs fed 20, 18 or 16% protein 
diets from weights of 20 to 45 kg gained both significantly faster 
and more efficiently than pigs fed diets of 12i protein. Feeding a 
low (12%) protein diet in period one followed by a high (16 or 18%) 
diet in period two resulted in compensatory growth during this second 
period. Pigs fed 16 or 18% protein diets in period two gained 
considerably faster and more efficiently when their previous diet con­
tained 12% protein than when they were fed diets of 18 or 2o%, protein 
during the initial period. Pigs fed 18% protein diets gained signifi­
cantly faster and more efficiently than those fed 1� protein regimens 
from 45 to 77 kilograms. Frau 77 to 113 kg there were no significant 
differences in rate of gain or feed efficiency when pigs were fed diets 
of 12, 14, 16 or 20% protein. Diets of 10% protein were not adequate 
if preceded by diets also low in protein content; however, if preceded 
by diets adequate in protein, gains were not reduced when 10% protein 
diets were fed during this period. However, pigs fed a 1� protein 
level required significantly more feed. Significant treatment differ­
ences existed in rate of gain an:l feed per gain for the entire growth 
period, 20 to llJ kg, when pigs were fed a protein regimen of 12-10-10, 
12-10-18, 12-18-18, 18-10-10, 18-10-18, 18-18-10 or 18-18-18%. Fastest 
gains were obtained by pigs fed an 18% protein level continuously, 
while most efficient gains were by pigs fed a 12-18-10% protein sequence. 
Pigs fed a 12-10-10% protein sequence gained the slowest and least 
efficiently. Daily gains were similar for pigs fed protein sequences 
of 18-16-16, 18-16-14, 18-16-12, 18-16-10, 18-12-16, 18-12-14, 18-12-12 
and 18-12-10%. However, feed efficiency was lower for pigs fed 18-16-10 
and 18-12-10% protein sequences. Area of the 1. dorsi muscle, ham and 
loin and lean cuts percent were decreased when pigs were fed low protein 
diets during all three growth periods or during the last two grol-fth 
periods. Carcass backfat was increased when low protein diets were 
fed. No significant treatment differences occurred in either carcass 
length or dressing percent. Fat content of the 1. dorsi muscle 
increased 74, 193 and 106% when low protein diets were fed in experi­
ments 1, 2 and 3, respectively. Protein arrl moisture content of the 
l. dorsi muscle increased when high protein regimens were fed. However, 
these changes were not as great as changes in fat content. Treatment 
differences in tenderness, flavor, shear test, color and firmness score 
and cooking loss of the 1• dorsi muscle were not significant. Marbling 
score was increased significantly when pigs were fed low protein diets. 
Juiciness score was more desirable for the low protein groups, but 
the differences were not consistent. Results suggest that low 
dietary protein levels reduce grmrt.h performance if fed early in the 
growth period of the pig. In addition, - low dietary protein regimens 
reduced carcass meatiness and increased intramuscular rat. 
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The-optimum weight to market pigs might be described as one that 
would give the most desirable size cuts having a large amount of lean 
in relation to fat and that are highly desirable in eating characteris­
tics. A considerable decrease has occurred in the amount of lard 
produced per market hog in the past decade. This can be attributed to 
the improvement in the meat type pig that has shown the ability to gain 
rapidly and efficiently to heavier weights without as great an increase 
in fat deposition compared to lighter muscled pigs of previous years. 
Marketing pigs at weights heavier than the present commonly 
accepted weight of approximately 91 to 102 kg merits consideration. 
If pigs were fed to heavier weights, more lean tissue could be produced 
per sow unit and the processing cost of the carcass would be reduced. 
However, the efficiency of feed utilization generally decreases as a 
pig increases in weight and the fat content of the carcass may increase. 
It has been postulated, however, that the lean, muscular meat type pig 
could be grown to a heavy weight without reducing consumer acceptability 
or noticeably lowering feed efficiency. 
If this lean, muscular pig is to express his genetic potential, 
a proper nutritional regimen must be furnished. Protein has been 
established as a major nutrient included in this regimen because of 
· the important role in rapid and efficient development of lean tissue. 
However, the protein requirement of the market pig for weights above 
102 kg has not been established. 
�- . . . 
In the experiments reported herein, different dietary protein 
levels were evaluated during three weight periods of the pig. The 
main objectives of this study were to determine the effect of dietary 
protein level on the following characteristics of the pig grown from 
20 kg to a heavy weight of 113 kg: 
1. Growth rate 
2. Efficiency of feed utilization 
J. Lean and fat development 
4. Nutrient content and basic eating characteristics of the 
lean. 
2 
REVIEW OF LrrERA.TURE 
Composition,.!!!:! Functions of Protein 
According to Mazur arrl Harrow (1968) proteins are high molecular 
weight compounds composed of building blocks called amino acids. Many 
proteins contain all of the 20 amino acids and therefore differ from 
each other with respect to their three-dimensional configuration. As a 
result, the chemical and physical properties of different proteins may 
differ only slightly. 
Maynard and Loosli (1969) stated that protein is a principal 
constituent or the organs and soft structures or the animal body. A 
liberal a.Di continuous supply is needed in the food throughout life 
for growth and repair, thus making the transformation of food protein 
into body protein a very important part or the nutrition process. 
Animal cell walls are composed primarily of protein, thus the 
primary function of protein is the building and repair of tissue 
according to Acker (1971). In addition, enzymes, certain hormones and 
antibodies are composed of amino acids. 
Protein Requirement 
The National Research Council (N.R.C., 1968) has listed the 
daily crude protein requirement for pigs weighing 20 to 35 kg, 35 to 
60 kg and 60 to 100 kg as 272, 350 and 455 gm, respectively. 
Mitchell and Hamilton (1935) as cited by Lassiter et al. (1955) 
concluded that the pig from 18 to 45 kg required a diet containing 
more than 17� protein for maximum growth� whereas at heavier weights 
4 
a diet containing 15i protein was more than adequate. Nitrogen 
retention, carcass composition ani rate or growth were used as criteria 
or evaluation. Feeding protein levels of 18 or 20, 15 and 12% at the 
weight stages of 23 to - 34 kg, 34 to 68 kg and 68 kg to market weight, 
respectively, proved the most optimum in a study by Carroll and 
Burroughs (1939) as cited by Lassiter� al. (1955). 
Protein levels(%) of sorghum-soybean meal diets in a study by 
Tanksley and Escobosa (1971) were 19-16, 16-16, 16-13, 13-13, 13 + 
O.� L-lysine, 13 + 0.1% L-lysine and free-choice sorghum grain and 
supplement. Average daily gain and feed per gain were most desirable 
when diets contained a percent protein sequence of 19-16, 16-16 or 
13 plus supplemental lysine, with the 13-13% protein diet being least 
desirable. The only significant difference in carcass merit was the 
larger_!. dorsi area of pigs fed the 19-16 and 16-16% protein regimens 
as compared to those fed diets of 16-13 and 13-13% protein. Barrows 
gained significantly faster than gilts although gilts had significantly 
better quantitative carcass traits. Similar results reported by Hale 
and Southwell (1967) showed that pigs fed diets containing percent 
protein levels of 18-15 or 16-13 gained significantly faster ani more 
efficiently with a higher percent of lean cuts than pigs fed 14-11% 
protein diets. Pigs in the 18-15% protein group had significantly 
less backfat than pigs in the other two groups. Gilts were signifi­
cantly more desirable in quantitative carcass traits but grew 
significantly slower than barrows. 
Work by Aunan, Hanson an:! Meade (1961) showed that pigs fed 
protein sequences of 17-15 or 14-11� gained similarly, but snall 
differences in some measures of carcass leanness were in favor of the 
higher protein level. In a separate experiment, pigs fed 16-11 arrl 
14-11% protein diets gained significantly faster than those fed 12-12% 
protein up to 57 kilograms. However, rate of gain was similar for the 
three groups from 57 to 93 kilograms. No significant differences in 
carcass leanness were observed. The authors concluded that the 
effects of dietary protein on carcass quality are relatively minor 
unless grossly inadequate protein levels are fed. 
5 
Overall rate of gain was similar for pigs fed a high protein 
regimen, 21-18-15%, or a medium protein sequence, 18-15-1�, in work 
conducted by Lee, McBee and Horvath (1967). However, these gains were 
significantly faster than for pigs fed the low protein sequence, 
15-12-9%. High protein fed pigs gained significantly more efficiently, 
possessed significantly larger 1. dorsi areas and a higher percent of 
lean cuts than the low protein fed pigs. The medium protein group 
did not differ significantly from either of the other two groups in 
these traits. Lean tissue from pigs fed the high and medilll11 protein 
sequences was significantly higher in both protein am tenderness 
than that of pigs in the low protein group. The fresh ham muscle of 
pigs fed the high protein sequence was significantly higher in moisture 
but significantly lower in ether extract than when pigs were fed the 
low protein dietary sequence. This is in agreement with work reported 
by. Seymour et _!!. (1964) and Crum et !!_. (1964). Seymour et al. (1964) 
6 
found that pigs fed a 20-17-14% protein sequence gained significantly 
faster and more efficiently and had a significantly higher percent of 
lean cuts than pigs fed a 16-13-10% protein sequence. Crum et &• 
(1964) reported that pigs fed a 1?-17 o� 17-15% protein diet showed 
increased daily gains, feed efficiency and percent lean cuts as ccmpared 
to pigs fed a 13-13 and 13-11% protein sequence. However, carcass firm­
ness and marbling were decreased in the high protein groups. Growth 
performance and carcass merit were lowest in the lJ-11% protein group. 
Barrows gained faster and more efficiently than gilts but had 
lower percent lean cuts. 
Significant increases in feed efficiency, yield or preferred 
cuts, moisture and protein percentages in the ham were observed when 
pigs were fed the higher protein level, 18-15%, compared to 14-lli in 
a report by Stevenson, Davey and Hiner (1960). Intramuscular fat was 
higher in lean tissue of pigs in the low protein group. Conflicting 
results are shown by Catron et al. (1952) who evaluated four dietary 
protein sequences, 20-17-14, 18-15-12, 16-13-10 and 14-11-8%, for 
growing pigs. No significant difference in growth rate was observed 
during the first period. G�owth performance was best for pigs fed 
the two low protein sequences in period two with the 10% level being 
optimum. during the third period. The 16-13-1� sequence was 
the most desirable for the entire trial. No significant differences 
in carcass traits were observed due to the various protein levels. 
The authors noted that the pigs evaluated were of a fat type and 
raised the question whether a leaner type pig would produce a leaner 
carcass on the higher protein levels. 
Jensen et al. (1955) and Ashton et al . (1955 ) using the same 
- - - -
pigs which were fed a 10, 12, 14, 16, 18 or 20% protein level reported 
on the growth ar.d carcass traits, respectively. In the first experi­
ment conducted in the winter, gain and feed efficiency were maximized 
7 
at the 18 and 12% protein levels, respectively. However, in a summer 
trial gain and feed efficiency were highest in pigs fed the 16% protein 
diet. Leaner carcasses resulted as the level of protein increased. 
However, differences between two adjacent units of protein were very 
small. Wilson et _!!. (1953 ) presented data which agreed with these 
results. Percent lean cuts increased as the protein level in the diet 
increased. Protein sequences fed were 20-16-12, 17-13-10 and 14-11-9. 5%. 
However, Dukelow et ,!!. (1963) found no marked difference in ham an:i 
loin percent, growth rate or feed efficiency of pigs fed a 12, 14 or 
16� protein diet. 
Observations by Wagner et al . (1963) showed that feeding of a 
13, 19 or 25% protein diet to barrows and gilts resulted in linear 
increases in yield of lean cuts with increasing protein levels. Intra­
muscular fat decreased while nitrogen content increased in the muscle 
as pigs were fed higher protein levels. Daily gain decreased as 
higher protein levels were fed. Pigs in the 13% protein group gained 
significantly faster than the other groups. Hoefer et al . (1952 ) 
reported no difference in growth performance in pigs fed either a 
18�15 or 15-12% protein regimen. 
No significant difference in quantitative carcass traits was 
found by Catron, Jensen and Maddock ( 1951) when studying four protein 
sequences, 20-17-14, 18-15-12, 16-13-10 and 14-11-8%. However, the 
U. S. D. A. Bureau of Animal Industry (1941) as cited by Wilson et al. 
( 1953 ) showed that pigs fed an 18% protein diet produced more lean 
tissue than pigs receiving a 13% protein regimen. 
Greely, Meade and Hanson (1964a ) fed four levels of protein, 
lJ, 15, 17 or 19%, to pigs from. 19 to 62 kilograms. A constant ratio 
of corn to soybean meal was fed in each diet. No significant differ­
ence in average daily gain was noted. In another similar experiment 
Greely et al. · (1964b ) reported daily gains and carcass merit were not 
significantly affected when pigs were fed diets containing 13, 15, 17 
or 19% protein for 42 days followed by a 13% protein diet to market 
weight. The authors suggested that once the pigs ' growth requirements 
for protein and amino acids are met further improvement in carcass 
leanness will not result. 
Four protein sequences, 18-16, 16-14, 14-12 and 12-10%, were 
evaluated by Lucas, Svajgr and Peo (1967). Pigs fed the 12-loi 
protein sequence had a markedly lower average daily gain and feed 
efficiency as well as a lower percent ham and loin. All other groups 
responded similarly in the traits observed. Two levels of protein, 
12 and 16%, were fed in mile-soybean meal diets in a study by Jurgens 
.!i al. (1967 ). Pigs fed the 16% protein diet gained significantly 
faster and more efficiently than pigs in the 12% protein group. The 
percent protein of the 1• dorsi muscle was significantly increased, 
8 
while the percent fat was significantly decreased in pigs fed the 16% 
protein diet. 
et al. (1967):  
The following protein levels were studied by Wallace 
19-17, 17-15 , 13-11 arrl 13-11� supplemented with 
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lysine , methionine and tryptophan at levels equal to the level of these 
amino acids contributed by the 17% protein diet. Pigs fed the 
unsupplemented 13-11% protein regimen grew more slowly and had a 
decreased feed efficiency and yield of lean c uts than pigs in the 
other groups. Averages of the traits discussed above were comparable 
for the other three groups. 
Pigs increased in efficiency of feed utilization as protein 
level increased in the order of 12-16-20� in a winter trial conducted 
by Noland and Scott (1960). In a sum.mer trial, pigs were faster gaining 
and had a higher yield of primal cuts when fed a 16 or 20% protein 
diet. 
The level and balance of essential amino acids may be more 
important than the percentage of crude protein in the diet of growing 
pigs. Kropf � al. (1959) fed pigs diets of 16� protein with a good or 
poor balance of amino acids and a 12% protein diet with a good balance 
of amino acids. Gains an::i feed efficiency did not differ when pigs 
were fed the 16 or 1� protein diet well balanced with amino acids but 
were less when the 16% protein diet containing a poor amino acid 
balance was fed. 
Growth .£f. �. Fat � Bone 
The efficiency of nitrogen utilization for growth decreases 
markedly as the pig increases in body weight. Since the amino acid 
10 
requirements for growth and maintenance differ, a shift in the use of 
protein between these functions might affect the utilization of protein 
(Bell am Loosli, 1951). 
Stant tl al. (1968) reported a study of the physical separation 
and chemical analyses of the porcine carcass at 23, 46, 68 and 91 kg 
live weight. From wei ghts of 23 to 91 kg, fat increased tenfold while 
muscle and bone increased only two arrl one-half to three times. Both 
the percent protein am fat increased linearly in the muscle as pigs 
gained weight. This is in partial agreement with Emerson et al. (1964) 
who reported data on pigs slaughtered at various intervals within the 
live weight range of 45 to 95 kilograms. Carcass yield, backfat 
thickness, length and 1• dorsi area increased while percent lean cuts 
decreased as live weight increased. The percentages of protein an:i 
moisture decreased while ether extract increased in the ham and 
1. dorsi muscle as live weight increased. No significant difference 
was noted in Warner-Bratzler shear values, taste panel scores or 
percent cooking loss of the fresh pork loin chops from pigs of the 
different slaughter weight groups. Consumers showed a preference for 
large, lean cuts, generally coming from the heaviest carcasses. In a 
similar study Usborne, Kemp and Moody (1968 ) studied the following 
live weight groups : 73, 86, 100, 113 and 127 kilograms. With an 
increase in live weight the following linear trends were observed : a 
/ 
decrease in percent lean cuts, fiavor, juiciness and texture and an 
increase in length, backfat, 1· dorsi area and percent crude protein 
of the muscle. The 127 kg weight group had the palest color, softest 
and most tender lean. 
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Hiner (1971) reported the results of an experiment where pigs 
were slaughtered at live weights of 34.0 , 56 . 7 ,  79. 4,  102.1 and 124. 7 
kilograms. Increase in weight of separable lean and fat of the carcass 
from 34. 0 to 56. 7 kg was at a ratio of 1 to 1. 06. This means that the 
weight of separable fat gained during this period divided by the 
weight of separable lean gained during this period equals 1. 06. The 
ratio changed to 1 : 1. 55 ,  1 : 2. 15 and 1 :2. 48 as live weight increased 
from 56. 7 to 79. 4 ,  79. 4 to 102. 1 and 102. 1 to 124. 7 kg, respectively. 
There was a significant decrease in percent moisture in the ham lean 
a.rxi a significant increase in percent ether extract as pigs increased 
in weight. There was a significant increase in percent protein in the 
ham lean as pigs increased in weight up to 102. l kg arrl then a decrease 
at heavier weights. Buck (1963 ) evaluated pigs in three slaughter 
weight groups , 68 , 91 and 118 kilograms. He reported more fat was 
deposited in the 91 to 118 kg weight range than in the 68 to 91 kg 
range. Dressing percent increased while feed efficiency decreased 
as pigs approached heavier weights. Average daily gain increased 
steadily to 91 kg but then seemed to plateau. Pigs were fed to four 
slaughter weights ,  90 , 102 , 114 an:i 126 kg ,  in a similar study by 
Foster , Bramblett and Harrington (1971 ). Backfat and 1_. dorsi area 
increased while average daily gain , feed efficiency, percent ham an:i 
loin and flavor decreased with increases in live weight. In observing 
four slaughter weight groups, 68 , 82 , 95 and 109 kg,  Wallace et al. 
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(1959 )  found that the biggest differences in backfat and percent lean 
cuts were between the weight periods of 82 and 95 kilograms. 
A survey of meat packers reported by Field, Varney and Kemp 
(1961)  showed that 82. 6% of the packers questioned preferred pigs 
marketed from 91 to 102 kilograms. The least preferred weights were 
pigs under 79 kg and over 113 kilograms. Packers estimated that 
processing costs were 2� greater per unit weight for pigs weighing 
under 79 kilograms. Retailers in general preferred smaller cuts 
because of less fat. Whole hams and center chops from the heavier 
hogs were listed as too large by Jl. 6 and 9. 0% of the consumers, 
respectively. · The higher cost of processing light weight pigs was 
offset by a higher value of their carcasses . 
McMeekan (1940) stated that more fundamental knowledge of 
growth and development of the animal is necessary before effective 
control of their meat qualities can be achieved by the breeder and 
feeder. The earlier developing skeleton makes a greater proportion 
of its growth earlier in life than does muscle, while the latter 
makes a greater proportion of its growth earlier than does the still 
later developing fat. According to Callow (194?), as growth and 
fattening proceed, a larger amount of fat deposited goes into the 
inter-muscular fatty tissue. In addition percentages of fat in bone­
less meat increase as the percentages of moisture and protein decrease. 
Relationship of Certain Factors With Palatability 
Henry, Bratzler and Luecke (1963 ) reported that intramuscular 
fat was highly correlated with tenderness and juiciness but only 
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slightly correlated with flavor. An increase in intramuscular fat 
improved the flavor, terrlerness and juiciness of cooked pork in a study 
by Kau.ffman !!:_ al. (1964 ) .  Findings of Judge et al. (1959 ) showed that 
!• dorsi area and percent lean cuts were both negatively correlated 
with marbling and firmness. Firmness was highly correlated with color 
and marbling. Age, however, was negatively correlated with marbling. 
Genotype-Protein Interaction 
The response of two lines of swine, high-fat and low-fat, to 
two different levels of protein, 12% and 20%, was studied by Davey and 
Morgan (1969 ) .  Low-fat pigs had JI% more carcass lean than did high­
fat pigs when 20% protein diets were fed, while the increase for low­
fat over high-fat pigs fed the 12% protein diet was only 6%. High-fat 
pigs fed the 20 versus 12% protein diet had lo% more carcass lean when 
receiving the higher protein level. However, low-fat pigs receiving 
the 20% protein level had 36% more lean than when fed a 12i protein 
diet. 
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MATERIALS AND METHODS 
Two hundred sixteen crossbred barrows and 96 crossbred gilts 
fran the South Dakota State University swine nutrition herd were used 
in a series of three experiments. Criteria of response, which were 
similar for all experiments, included daily gain, daily feed consumption 
and feed per gain for each of the weight periods. Production data 
were obtained at approximately 45, 77 and 113 kg and analyses were 
determined on different combinations of these periods. In addition 
in experiment 1, production data were obtained for the period up to 
95 kg and backfat was measured by the probe method at 77 and 95 
kilograms. Carcass parameters included longissimus dorsi (!. dorsi ) 
area, backfat thickness, length, ham and loin percent, percent lean 
cuts and dressing percent. Percent moisture, protein and fat and 
marbling, color and firmness scores were determined on the fresh 
!• dorsi muscle. Shear test, percent cooking loss, drip loss and 
volatile gas loss and tenderness, flavor and juiciness scores of the 
cooked 1. dorsi muscle were recorded. 
Pre-experimental Conditions 
Pigs were farrowed in the same housing unit arrl reared under 
similar c·onditions prior to the experimental period. Male pigs were 
castrated and all pigs were given access to an 18% protein diet 
between two and three weeks of age. Pigs were weaned at approximately 
five weeks and treated for external and internal parasites shortly 
thereafter. 
Housing !.!E, Equipment 
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Experimental housing consisted of portable wood frame houses 
with concrete floors and a connecting 1. 8 x 3 . 7  meter concrete outside 
pen where waterers and feeders were located. Tank type waterers 
holding 303 liters were used. Each waterer served two adjacent pens. 
The wooden feeders had a capacity of 150 kg and contained three 
feeding compartments. Feed and water were provided _!£ libitum. Diets 
were finely ground at the University feed unit, placed in sacks 
holding approximately 46 kg and stored at the University swine unit. 
Collection of Data 
- -
Feed samples were taken routinely throughout the experiment. 
The chemical analyses of these samples are reported in the tables 
listing the calculated canposition of the diets for each particular 
experiment. Chemical analyses of the feed samples were similar to 
the methods used for meat samples which will be discussed later. 
Pigs were weighed biweekly and more frequently as the average 
pen weights approached 45 and 77 kilograms. In addition in experiment 
1, pigs were weighed when approaching average lot weights of 95 kg 
and probed for backfat thickness at average pen weights of ?7 and 95 
kilograms. Pigs were weighed once weekly as they approached the 
weight of ll1 kilograms. If this minimum weight requirement was met, 
the pig was tattooed and transported to the South Dakota State 
University Meat Laboratory holding facilities. Water ; but no feed, 
was provided during the 24-hour period prior to slaughter. Immediately 
prior to slaughter, the shrunk weight of the pigs was detennined. 
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During the process of slaughter, the pigs were stunned, bled and 
dehaired. Head, viscera and leaf fat were then removed. Carcasses 
were subsequently split into a left and right side and hung in a 
cooler which had a temperature of 7 C. The carcasses were chilled for 
24 hours before carcass measurements were taken. 
Cold carcass weight was recorded for both sides. Carcass length 
was measured on each side from the anterior end of the first rib near 
the thoracic vertebrae to the anterior end of the aitch bone. Carcass 
backfat was determined on each side by three measurements taken 
opposite the first rib, last rib and last lumbar vertebrae. Dressing 
percent was calculated by expressing the chilled carcass weight of 
both sides a.s a percent of the live weight off test. Carcass length 
and backfat figures reported represent an average of the values 
determined on each side. 
Between 24 and 96 hours af'ter slaughter, the right and left 
sides ( experiment 1 )  and the right side (experiments 2 and 3)  were 
divided into the following wholesale cuts : ham, loin, boston butt, 
picnic, spare ribs, side and jowl. The ham, loin, boston butt and 
picnic were closely trimmed of external fat until only a thin fat 
thickness of 0. 60 cm or less remained. In addition, the bone was 
removed from the ham, boston butt and picnic. The ham and loin 
percent was calculated by expressing the weight of the closely trimmed, 
boneless ham and bone-in loin as a percent of the 24-hour chilled 
carcass weight. The lean cut percent was determined by expressing 
the weight of the closely trinnned, boneless ham, boston butt, picnic and 
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borie-in loin as a percent of the 24-hour chilled carcass weight. 
The side, lean trim, fat trim, bone cuts and waste were each weighed. 
The side was not closely trimmed but was squared and weighed. The jowl 
was separated into lean and fat trim. The bone cuts consisted of the 
spare ribs and neck bones. The tail, remaining lymph glands and 
shanks were included in the weight of the waste. The outline of the 
!• dorsi muscle between the 10th and 11th rib was traced on acetate 
paper and then the cross-sectional area was determined using a 
compensating polar planimeter. The l• dorsi area reported in experiment 
1 represents an average of the area detennined for each side. 
After the loin from the right side was trimmed and weighed, a 
2.5 cm thick cross-section of the 1• dorsi muscle was removed from the 
10th rib. These samples were scored for marbling and for color and 
firmness according to the following method described and illustrated by 











Color and Firmness 
--- -
Pale, sof't. and watery 
Slightly pale, soft and watery 
Nonnal grayish-pink 
Slightly dark and firm 
Dark and firm 
These samples were then stored at 2 C for 48 to 168 hours prior to 
chemical determination of moisture, fat and protein percent. In 
preparation of the samples for chemical analyses, each was ground in 
a portable Waring blender. Duplicate two g samples were removed for 
the determination of nitrogen content by the Kjeldahl method as 
described by A. O.A. C .  (1960 ) .  Duplicate five g samples were removed 
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for determination of moisture and subsequent ether extract content as 
described by A. O. A.C. (1960). In the determination of moisture content 
meat samples were dried in an open draft oven for 24 hours at 97 C, 
removed, cooled in a desiccator for 15 minutes and weighed. The 
moisture-free sample was extracted with diethyl ether for 12 hours to 
determine the ether extract content present. The wet or fresh weight 
of the meat sample was used in the calculation of the percent protein , 
moisture and ether extract. 
Additional 2. 5 cm thick cross-sections of the 1. dorsi muscle 
were removed from the 11th rib for corxiucting the Warner-Bratzler shear 
test and from the 12th and 13th ribs for taste panel evaluation. These 
samples were stored at -18 C. Samples were thawed for 48 hours at 7 C 
prior to cooking to an internal temperature of 74 C. One core, 2.5 cm 
thick and 2. 5 cm in diameter, was removed from each of the medial and 
lateral locations on the cooked chop for shear evaluation. Each core 
was sheared twice. Therefore , the final shear value reported 
represented an average of four readings. The taste panel evaluation 
was conducted so that each member tasted a sample from the same 
location within the same numbered chop (12th or 13th rib) during the 
entire taste period. Each member tasted six samples, representing 
six different pigs , during each period. The following scoring system 
was used : 
Ten:ierness Flavor Juiciness 
Extremely terrler Desirable Extremely juicy 
Very tender Desirable Very juicy 
Moderately tender Desirable Moderately juicy 
Slightly tender Desirable Slightly juicy 
Slightly tough Undesirable Slightly dry 
6 Moderately tough Undesirable Moderately dry 
Very tough Undesirable Very dry 
Extremely tough Uni esjr able Extremely dry 
In all three experiments, the scores reported for tenderness, flavor 
and juiciness were an average of the taste panel values. 
The percentages of cooking loss, drip loss arxi volatile gas 
loss were determined on the chops used for taste panel evaluation by 
the following methods : 
Cooking loss % = wt of fresh sample - wt of cooked sample x 100 wt of fresh sample 
Drip loss % = wt of drip collected during cooking x 100 wt of fresh sample 
Volatile gas loss % = percent cooking loss - percent drip loss 
Analyses of Data 
The data were analyzed according to statistical procedures as 
outlined in Steel and Torrie (1960). Least-squares analyses were 
used with a F-test to detect significant differences. Single degree 
of freedom orthogonal canparisons were used in determining significant 
differences between treatments. A F-test was used to detect 
significant differences. A probability level of less than 0. 05 was 
accepted as being significant and less than 0. 01 as highly significant. 
Animals, Diets and Taste Panel Evaluation 
Experiment 1• Ninety-six Hampshire-Yorkshire-Olroc crossbred 
barrows weighing initially approximately 23 kg were divided into four 
replicates of 24 pigs each on the basis of weight and sire. Within 
each replicate, four pigs were allotted at random by weight outcane 
groups, within sire, to one of the following six dietary protein 
regimens (percent) :  20-20-20, 20-16-12, 12-12-12, 12-16-20, 16-12-12 
and 16-12-16. Can.position of the diets is shown in table 1. Diet 
changes in protein occurred at approxmately 45 and 77 kg, respec­
tively, in all experiments. Four barrows were housed per pen. Two 
pigs were removed from the experiment during the weight period of 
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77 kg to final weight due to problems not attributable to the treatment. 
Data on these two pigs were included in the previous two weight 
pericxis. This experiment was corrlucted during the spring and summer, 
1970. 
The taste panel consisted of one male and ten female students 
enrolled in an advanced foods and nutrition course at South Dakota 
State University. Evaluation was done at a foods and nutrition 
laboratory located in the Home Economics-Nursing Building. 
Experiment _g_. One hundred twenty Hampshire-Yorkshire-Duree 
crossbred pigs, 72 barrows and 48 gilts, averaging approximately 20 
kg were divided into three replicates of 24 barrows and 16 gilts each 
on the basis of weight, sire and sex. Within each replicate, three 
barrows and two gilts were allotted at random by weight outcome groups 
an:l sex, within sire, to one of the following eight dietary protein 
TABLE 1 .  COMPOSITION OF DIEI'S (PER::ENT ) - EXPERIMENT 1 
Ingredient 
Ground yellow corn 
Soybean meal (44.0%) 
Di.c alcium phosphatea 
Ground limestoneb 
Trace mineral saltc 
Vitamin-antibiotic premiJc:Ci 
Calculated analyses, % 
Calcium 
Phosphorus 









































a Twenty-one to 25% calcium and 18.5% phosphorus. 
b Thirty-eight to 40% calcium. 
c Composition found in appendix table 1. 
d Provided per kg of diet : 3, 308 IU of vitamin A, 397 IU of 
vitamin D, 2� IU of vitamin E, 6. 5  mg of ribof'lav:i.n, 12.2 mg of 
pantothenic acid, 29. 7  mg of niacin, 33.0 mg of choline, ll. 7 mcg 
of vitamin B12 and 36. 9  mg of tyla.n. 
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regimens (percent ) :  12-10-10, 12-10-18, 12-18-10, 12-18-18, 18-10-10, 
18-10-18, 18-18-10 and 18-18-18. Composition of the diets is shown 
in table 2. Three barrows and two gilts were housed per pen. Two 
gilts were removed from the experiment during the initial period and 
were not included in the data. Two gilts were removed during the final 
period; however, data on these animals were included for the first two 
periods. Removal was due to problems not attributable to the treatment. 
This experiment was conducted during the fall and winter, 1970-71. 
The taste panel was composed of eight male graduate students 
and four females. The taste panel was conducted in experiments 2 and 3 
at the South Dakota State University Meat Laboratory. 
Experiment .2.• Ninety-six Hampshire-Yorkshire-Duree-Chester 
White crossbred pigs , equal numbers of barrows and gilts , averaging 
approximately 21 kg were divided into three replicates of 16 barrows 
and 16 gilts each on the basis of weight, sire and sex. \vithin each 
replicate , two barrows and two gilts were allotted at random by weight 
outcome groups and sex , within sire , to one of the following eight 
dietary protein regimens (percent) :  18-16-16, 18-16-14, 18-16-12, 
18-16-10, 18-12-16, 18-12-14, 18-12-12 and 18-12-10. Composition of 
the diets is shown in table 3. Two barrows and two gilts were housed 
per pen. One barrow was removed from the experiment during the initial 
period. Data were not included for any of the weight periods. One 
gilt was removed during the final period. Data were included only for 
the first two weight periods. 
attributable to the treatment. 
Removal was due to problems not 
One gilt died due to a stress 
TABLE 2 .  COMro SITIO N O F  DIETS ( PERCENI' ) - EXPERIME NI' 2 
Ingredient 
Ground yellow corn 
Soybean meal (44.0%) 
Dicalcium. phosphatea 
Ground limestoneb 
Trace mineral saltC 
Vitamin-antibiotic prem;.xd 
Calculated analyses, '1, 
Calcium 
Phosphorus 





� Erotein ( calculated ) 
70 . 25 
26 . 72 
2 .00 
0 .40 









9 . 67 
2 .30 
0 . 30 
0 . 50 
0 . 13 
0 . 71 
0 . 70 
14. 60 
7 . 37 
2. 17 
� Twenty-one to 25% calcium and 1s . 5i phosphorus. 
Thirty-eight to 40% calcium. 
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0 . 50 
0. 13 
10 . 66 
9. 42 
1.78 
c Composition found in appendix table 1. 
d Provided per kg of diet: 3,308 IU of vitamin A, 397 IU of 
vitamin D, 24 IU of vitamin E, 6. 5 mg of riboflavin, 12. 2 mg of 
pantothenic acid, 29 . 7  mg of niacin, 33. 0  mg of choline, ll. ? mcg of 
vitamln B12 and 36 . 9 mg of tyla.n. 
TABLE 3 .  COMPOSITION OF DIETS (PERCENT ) - EXPERIMENI' 3 
Ingredient 
Ground yellow corn 
Soybean meal (44. 0%) 
Dicalcium phosphatea 
Ground limestoneb 
Trace mineral saltc 
Vitamin-antibiotic premixd 
Calculated analyses, 'f, 
Calcium 
Phosphorus 





i protein (calculated) 
16 14 12 
70. 80 76. 20 81. 85 87. 45 
26. 60 21. 00 15. 28 
1.16 1. 55 1. 66 
o. s2 0. 63 0. 59 
0. 50 a. so 0. 50 
0. 12 0. 12 0.12 
0. 65 





















18. 20 16. 75 14.86 12.43 n.68 
12.07 12. 48 11. 89 12.42 11. 72 
1. 84 1. 91 1. 93 2.06 2. 20 
a Twenty-one to 25% calcium and 18. 5% phosphorus. 
b Thirty-eight to 40% calcium . 
c Composi tion found in appendix table 1. 
d Provided per kg of diet: 1 , 500 IU of vitamin A, 250 IU of 
vitamin D, 24 IU of vitamin E ,  13. 0 mcg of vitamin B12, 16. 0 mg of 
niacin, 13 .0 mg of pantothenic acid, 3. 0 mg of ribofiavin and 16. 7 
mg of tyla.n. 
condition immediately prior to slaughter. Carcass data were not 
collected on this gilt. This exper1ment was conducted during the 
spring and summer, 1971. 
Taste panel evaluation was corrlucted by twelve male students 





Summaries of average daily gain, feed per gain and daily feed 
consumption are presented in tables 4, 5 and 6 ,  respectively. Analysis 
of variance mean squares and mean squares for orthogonal treatment 
comparisons for these data are shown in tables 7, 8 and 9. 
Twenty-three to � Kilograms. Pigs fed diets of either 20 or 
16% protein gained similarly and significantly faster (P <. 01) than 
those fed diets of 12i protein. A linear response was noted in feed 
efficiency as pigs fed the 20% protein diet required significantly 
less (P< . 05) feed per kg of gain than those fed the 16% protein diet , 
while pigs fed the 16% protein level were noticeably more efficient 
than pigs fed the 12% protein diet. No significant differences or 
trends were observed between treatments in average daily feed 
consumption. 
Forty-five to 77 Kilograms. Significant differences (P<. 0.5) 
existed between protein groups in average daily gain during this 
period. Gain was increased when pigs that had been fed the 12� protein 
diet during the previous period were fed the 16% protein diet. Pigs 
fed either the 20 or 16% protein diet preceded by a 20:t protein level 
gained only slightly faster than those pigs fed 12� protein diets 
during this period. Previous dietary treatment did not appear to 
affect the rate of gain of pigs fed 12% protein diets during this 
second growth period. No significant difference occurred between 
TABLE 4. EFFEX:T O F  DIETARY PROTEI N O N  AVERAGE DAILY GAIN 
OF GROWING-FINISHING SWI NE  (EXPERlMENr 1 )  
Treatment A B C D E 
Calculated protein 20-20-20 20-16-12 12-12-12 12-16-20 16-12-12 
percenta 
Number of pigsb 16 16 16 16C 16 
Avg daily gain, kg 
2J-45 kg** 0. 78 0. 76 o.64 0.62 0. 77 
45-77 kg* 0. 84 o. 86 0 . 82 0 . 92 0 . 82 
77-113 kg 0.85 0. 90 o. 87 0.86 0. 84 
23-95 kg* 0. 83 0. 84 0. 76 0 .78 o. s1 
23-113 kg* 0. 82 0. 85 0. 78 o. s1 0.82 
a Diets changed at average lot weights of approximately 45 and 77 kilograms. 
b Four lots of four barrows each per treatment. 
c One pig was removed during the 77 to 113 kg period. Data are not included for either 
the 77 to 113 kg or 23 to llJ kg period. 
* P <. 05 . 









TABLE 5 .  EFFreT OF DIETARY PROTEIN O N  FEED REQUIRED PER GAIN 
OF  GROWING-FINISHING SWINE (F�ERIMENI' 1 ) 
Treatment A B C D E 
Calculated protein 20-20-20 20-16-12 12-12-12 12-16-20 16-12-12 ercenta 
Number of pigsb 16 16 16 16c 16 
Avg feed per gain, kg  
23-45 kg** 2. 49 2. 48 3. 30 3. 18 2. 86 
45-77 kg 3. 51 3. 38 3 . 35 J .ll 3.52 
77-113 kg 4.09 3. 83 3. 97 4.03 J. 74 
23-95 kg 3. 25 J. 14 J.42 3. 28 3 . 26 
23-113 kg 3. 49 3. 33 3. 58 J. 61 J . 44 
a,b, c Refer to table 4. 










TABLE 6. EFFECT OF DIETARY PROTEIN ON AVERAGE DAILY FEED CX1 NSUMPTION 
OF GROWING-FINISHING SWINE (EXPERIMENI' 1) 
Treatment A 
Calculated protein 20-20-20 
Eercenta 
Number of pigs b 16 






a,b, c Refer to table 4. 
1.94 
2.95 
3 . 41 
2. 72 
2. 86 
B C D 
20-16-12 12-12-12 12-16..20 
16 16  16c 
1 . 88 2. 10 1.96 
2 . 93 2. 74 2. 87 
J . 40 3. 38 3. 43 
2. 66 2. 63 2. 59 















2 . 68 
2. 90 





ABEF vs CD l 
AB VS EF 1 
A vs B 1 
E VS F 1 
C VS D 1 
Replicate 3 
T X  R 15 
Error 72 
70 
Total 94 or 96 
** p <.01. 
* P <.05. 
MEAN SQUARES FOR AVERAGE DAil,Y GAIN 
(EXPERIMENI' 1)  
23-45 45-77 77-113 
kilograms kilograms kilograms 
l.lt). 188 68.588 68. 776 
. 079 ** . 022 * . 009 
. 387 ** . 020 
. 001 . 007 
. 004 . 004 
. 004 . 001 
. 002 . 077•• 
. 021 . 021 . 052 
. 005 . 007 . 006 




























TABLE 8. MEAN SQUARES FOR FEED REQUIRED PER GAIN 
{EXPERIMENI' 1)  
Source of 23-45 45-77 77-113 23-95 2J-11J 
variation d:f kilograms kilograms kilograms kilograms kilograms 
Mean 1 195. 625 271 .556 370. 049 255. 911 293.231 
Treatment 5 . 466** . 091 . 066 . 033 . 043 
ABEF vs CD 1 1. 770** 
AB vs EF 1 . 529 •  
A VS B 1 . 003 
E VS F 1 . 001 
C vs D 1 . 033 
Replicate 3 .118 . 021 . 034 . 003 . 035 
Error 15 . 092 .052 . 046 . 015 . 035 
Total 24 
** P <. Ol. 
* P <- 05 .  
� 
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TABLE 9 .  MEAN SQUARES FOR AVERAGE DAILY FEED CONSUMPr ION 
( EXPERIMENT 1 )  
Source of 23-45 45-77 77-llJ 23-95 23-113 
variation df kilograms kilograms kilograms kilograms kilograms 
Mean 1 98.902 197. 227 264. 471 169.070 192. 327 
Treatment 5 . 062 . 028 . 079 . 008 . 020 
Replicate 3 .135 . 079 . 126 . 037 . 081 
Error 15 . 060 . 022 . 046 . on . 025 
Total 24 
treatments in feed required per gain or average daily feed consi.nnption. 
However, pigs - fed the 16% protein diet which was preceded by a 12% 
protein level required only 3. 11 kg of feed per kg of gain. This 
amount was noticeably less than that required by the other treatment 
groups. Feed consumption ranged from 2.95 kg daily when pigs were fed 
the 20% protein diet continuously to 2. 73 kg per day when pigs were 
fed the lowest protein sequence, 12% protein continuously. 
Seventy-seven !:.2. 113 Kilograms. No significant differences 
were observed between treatments in average daily gain, feed per gain 
or average daily feed consumption during this period. The most rapid 
gains, 0. 90 kg daily, were made by pigs fed the 12% protein diet 
preceded by a 20-16% protein sequence. Daily gains of the remaining 
groups varied only from 0. 8J kg for those pigs fed a 16% protein diet 
preceded by a 16-12% protein sequence to 0. 87 kg for pigs fed a 12% 
protein level continuously. 
JJ 
Although feed per gain did not differ significantly between 
treatments, those pigs fed the 20% protein diet during this period 
required more feed per unit of gain than pigs fed 12 or 16% protein 
diets . Previous dietary treatment did not appear to affect feed 
efficiency. Feed per gain ranged from a low of 3 .74 to 4 .09 .  Daily 
feed consumption varied from a low of 3 .08 kg for pigs fed diets con­
taining 12% protein preceded by diets of 16-12% protein sequence to 
J . 22 kg for those pigs fed 16% dietary protein preceded by a 16-12% 
protein sequence. Average daily feed consumption varied from 3. 38 to 
J . 43 kg for the remaining groups . 
Twenty-three � 22. Kilograms . Pigs fed the 12% dietary protein 
level continuously or the 12-16-20% protein sequence gained signifi­
cantly ( P < . 01 )  slower than pigs in the other treatment groups . 
Average daily gain for the above two treatment groups was 0 . 76 and 
0 . 78 kg, respectively, compared to 0 . 81, 0 . 82, 0 . 83 and 0 . 84 kg daily 
for pigs fed the other dietary treatments . 
No significant difference existed between treatments in feed 
required per gain, although the feed per gain ratio ranged fran J . 14 
for pigs fed the 20-16-12% protein sequence to J. 42 for pigs fed the 
12% protein level continuously. Daily feed consumption varied from 
2 . 72 kg for pigs fed the 20% protein level continuously to 2 .59 kg for 
those pigs fed a 12-16-20% protein sequence . Differences in daily 
feed consumption were not significantly different. 
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Twenty-three ,12 113 Kilograms. As in the 23 to 95 kg period, 
pigs fed the 12% protein diet continuously had the lowest daily rate of 
-gain, 0. 78 kilograms. Pigs fed the 12-16-20'% proteih sequence gained 
0. 81 kg per day. Gains of these two protein groups were significantly 
lower (P <. Ol) than other groups. D aily gain was increased to 0. 85 kg 
when pigs were fed the 20-16-1� protein sequence. Average daily gains 
for the remaining groups were 0. 82 kilograms. 
Gains were most efficient -when pigs were fed the 20-16-12% 
protein dietary sequence, 3. 33 kg of feed per kg of gain. Feed per 
gain ratios for the remaining groups ranged to 3. 61 for pigs fed the 
12-16-2oi protein sequence. However, no significant differences 
occurred between treatment groups in either feed required per gain or 
daily feed consumption. D aily feed consumption was lowest for pigs 
fed the 12% protein diet continuously, 2. 73 kilograms. This is in 
contrast to the highest amount, 2. 91 kg, consumed daily by pigs fed a 
12-16-20% protein regimen. 
Quantitative Carcass Traits and Backfat Probe. Data am mean 
squares for the quantitative carcass traits are presented in tables 
10 and ll, respectively. Significant treatment differences existed in 
both percentages of ham and loin ( P <. 05 ) and lean cuts (P < . 01 ). 
Orthogonal analysis indicated that significant differences (P <.01) 
in these traits occurred between treatment C ( 12-12-12% protein) and 
treatment D (12-16-20% p: otein). Carcasses from pigs fed the 12-16-20% 
protein regimen had the best percentages of ham and loin, 32. 39, and 
lean cuts, 45. 43. In contrast the ham and loin and lean cuts 
TABLE 10. EFFFI:T OF DIETARY PROTEIN ON QUANTITATIVE CARCASS TRAITS AND 
BACKFAT PROBE OF GROWING-FINISHING SWINE (EXPERIMENT 1) 
Treatment A B C D E 
Calculated protein perc ent 20-20-20 20-16-12 12-12-12 12-16-20 16-12-12 16-12-16 
Number of pigs 16 16 16 15 16 15 
Avg c arcas s  wei ght , kg 78.98 78 . 80 78 . 40  77 . 74 80.12 81.46 
Avg 1. dorsi area,  sq cm 
-
31 . 41 30 . 59 29 . 05 31.23 31.44 30.63 
Avg backf at , cm 3 . 65 3 . 65 3 . 77 3. 53 3.82 3. 75 
Avg length , cm 79 . 14 79 - �  79. 38 79. 63 79 . 03 78.95 
Avg dressing percent 69.16 69.64 69.73 69.18 70. 64 72. 02 
Avg perc ent ham and loin* 31 . 73 31 . 21 30.76 32.39 31. 17 Jl. l.'4  
Avg percent lean cut s ** 44.73 4J.86 43.58 45 . 43 43.69 44. 25 
Avg backfat probe at 77. 0 kg, cm 2.72 2. 76 2.88 2 .75 2.88 2. 97 
Avg backfat probe at 95.0 kg,  cm 3 . 01 3 . 01 3.15 2 . 87 J.13 3.12 
* P <.05. 
** p < . 01 .  
TABLE 11. MEAN SQUARES FOR L. OORSI AREA, BACKFAT , LEIDTH, DRESSim PERCENT, 
HAM AND LOIN PERCENI' AND LEAN curs PERCEN!' (EXPERIMENT l) 
Source of J;. dorsi Dressing Ham and loin Lean cuts 
variation df area Backfat Length percent percent Eercent 
Mean 1 88,174.107 1, 274. 571 586,941. 820 458, 449. 620 92, 391. 600 182 , 942.420 
Treatment 5 12.908 . 173 1 .llO 18. 253 4. 828• 7.791** 
ABEF VS CD 1 . 779 2.910 
AB VS EF 1 .461 1. 658 
A vs B 1 2.153 6. 125 
E VS F 1 . 569 2. 475 
C vs D 1 21.288** 27.506•• 
f '  
Replic ate 3 27. 436 . 230 J. 984 23.598 1. 770 .570 
T X  R 15 12. 205 . 123 2.520 6. 680 1 . 660 1. 708 
Error 70 16. 804 . 287 J. 606 9 .962 J. 691 7. 299 
Total 94 
** P <. Ol .  
* P <. 05 .  
percentages ,of carcasses from pigs fed the 12% protein level 
continuously were 30 . 76 and 43 . 58 ,  respectively. 
No significant differences occurred between treatment groups 
in 1. dorsi area, backfat, length and dressing percent. Pigs fed a 
12% protein level continuously had an average 1• dorsi area of 29 . 05 
sq cm which was noticeably smaller than the 30 . 59 to 31. 44 sq cm 
average ,!_. dorsi areas of pigs fed the other dietary treatments. 
Average carcass backfat thickness varied from a low of J .53 cm for 
pigs fed the dietary regimens increasing in protein from 12 to 16 to 
2� to J. 82 cm for those pigs fed the 16-12-12% protein sequence. 
Little difference was observed in carcass length. Dressing percent 
was noticeably higher in pigs fed the 16-12-16% protein sequence. 
However, there did not appear to be any trend in average dressing 
percent that could be related to dietary treatment. 
No significant difference was noted between protein groups in 
backfat probes at 77 or 95 kilograms. 
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Qualitative Carcass Traits. Data on qualitative carcass traits 
are summarized in tables 12 and 13 and mean squares are reported in 
tables 14 and 15 .  A significant difference (P <. 05 )  was observed in 
the percentage of fat in the _!. dorsi muscle. Fat content of the 1. 
dorsi was highest, 4. 97 and J . 97%, when pigs had been fed the lowest 
dietary protein levels, 12% continuously and 16-12-12%, respectively. 
In contrast the pigs fed the highest protein level , 20% continuously, 
had the lowest _!. dorsi fat content, 2 . 84%.  
TABLE 12 . EFFEm' O F  DIETARY PROTEIN ON QUALITATIVE CARCASS TRAITS 
OF GROWING-FINISHING SWINE (EXPERIMENI' 1 )  
Treatment A B C D E 
Calculated protein percent 20-20-:20 20-16-12 12-12-12 12-16-20 16-12-12 
Number of pigs 16 16 16 15 16 
Avg carcass weight 78 . 98 78. 80 78. 40 77. 74 80. 12 
f• dorsi, fresh 
Avg moisture, % 72. 19 71. 76 71 . 27 71. 70 71.31 
Avg protein, %  22 . 14 22 . 17 21. 22 21. 93 22. 13 
Avg fat, %* 2. 84 3 . 61 4. 97 3. 32 3 . 97 
Avg marbling scorea 2 . 63 2 . 75 3 . 06 2 . 73 3. 31 
Avg color and firmness scoreb 2 . 56 2 . 56 2 .69 2. 81 2 . 56 
f• dorsi, cooked 
Avg shear value, kgC 6 . 89 6. 87 6. 76 6. 92 6. 44 
Avg cooking loss, % 12 . 48 12. 61 14 .35 13.35 11. 69 
Avg volatile gas loss, % 7. 66 7.69 9. 38 8. 30 7.79 
Avg drip loss, � 4. 83 4. 91 4. 96 5 . 06 3. 90 
Avg tenderness scored 3 . 79 3. 66 4. 21 4. 03 3 . 62 
Avg flavor scoree 3.76 3.71 3 . 75 3. 81 3.78 
Avg juiciness scorer 3. 88 J. 98 4. 20 4. 04 3.38 
* P <. 05 .  
a Based on a 1 to 5 scale, 1 = trace to 5 = abundant. 
b Based on a 1 to 5 scale, 1 = pale, sort and watery to 5 = dark and firm . 
c Kilograms of force to shear a core 2. 54 cm in diameter. 
d Based on a 1 to 8 scale, 1 = extremely tender to 8 = extremely tough. 
8 Based on a 1 to 8 scale, 1 = extremely desirable to 8 = extremely undesirable. 






















ABEF VS CD 
AB vs EF 
A VS B 
E VS F 
C vs D 
Replic ate 
T x R  
Error 
Total 
* P <. 05 .  
MEAN SQUARES FOR M:>ISTURE PERCENT , FAT PERCENT,  PROTEIN PERCENI' , MARBLING OOORE 
AND COIDR AND F.IRMNESS S:ORE OF THE FRESH L. OORSI (EXPERIMENI' 1 )  
Color and 
Moisture Fat Protein Marbling firmness 
df percent percent percent score score 
1 479 , 522.080 1, 244. 867 44, 936.065 755.361 626. 707 
5 1.814 8.933* 2.088 1. 276 1. 741 
1 11. 668 
1 2. 055 
l 4.805 
1 4. 752 
1 21. 780* 
J 3 .183 3 .190 1. 263 . 242 1 . 094 
15 . 9 9 9  2.657 1.149 1 . 215 7 . 707 




TABLE 14. MEAN SQUARES FOR COOKING I.OSS PERCENl' 1 VOLATILE GAS IDSS 
PERCENI' AND DRIP LOSS PERCENT OF  THE COOKED L. OORSI 
























(EXPERIME NI' 1 )  
-
Cooking loss Volatile gas 
percent loss percent 
16, 056. 505 6, 513. 000 
17.159 9.985 
1. 181 8. 136 
10. 695 ll. 502 
9.049 9.619 
MEAN SQUARES FOR SHEAR TEST t TENDERNESS sroRE, 
AND JUICINESS SDRE OF THE COOKED l!• OORSI 
(EXPERIMENT 1) 
Shear Tenderness Flavor 
df test score score 
1 4,327. 892 1 ,410.091 1 ,342. 127 
5 .573 . 875 . 096 
3 5.492 1.263 . 650 
15 1. 686 .598 . 414 


















No significant differences between treatments were observed in 
other quality traits. Protein percentage of the !• dorsi, 21. 22, was 
. lowest in pigs fed the low protein regimen, 12% continuously. Protein 
content of the 1. dorsi varied only fran 21.93 to 22.17% for the re­
maining protein groups. Percent moisture of the !• dorsi was highest, 
72.19, in those pigs fed the high protein regimen, 2<:ff, continuously. 
This is in contrast to the lowest moisture content of the 1• dorsi 
(71. 27% ) in pigs fed the low protein regimen, 12% continuously. 
Marbling score like fat content seemed to be related to the protein 
content of the diet. The highest marbling scores, 3. 31 and 3 . 06 ,  
respectively, were found in the 1• dorsi of pigs fed the 16-12-12% 
protein regimen and the 12% protein level continuously. Marbling 
score varied from 2. 58 to 2. 75 for the remaining groups. Color and 
firmness score differed little between treatments and did not appear to 
be affected _ by dietary protein levels. 
Shear values were very similar between treatments. However, 
the muscles from pigs fed the low protein sequences, 16-12-12% and 12% 
continuously, which had the higher percent of fat and marbling scores, 
had the lowest shear values. Cooking loss, volatile gas loss and drip 
loss followed no particular trends. Cooking loss of the 1. dorsi was 
-
highest in those pigs fed the 12% protein level continuously which 
also had the highest percent of fat. However, the lowest percent 
cooking loss was from those pigs which had the next highest percent 
of fat in the 1. dorsi muscle. Except for the 3.90% drip loss of the 
!• dorsi in pigs fed a 16-12-12% protein sequence, values were very 
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similar for other groups, varying from 4. 83 to 5 .  06%. Volatile gas 
losses were highest when pigs had been fed a 12% protein level 
continuously or a 16-12-16% protein regimen , 9 . 38 and 9. 29%, 
respectively. Volatile gas losses for the remaining groups were 7. 66, 
7 . 69 , 7.79 and 8 . 30%. The 1. dorsi of pigs fed a 12% protein level 
continuously were the least tender and juicy, scores of 4.21 and 4. 20 , 
respectively. Th.is is in contrast to pigs fed the 16-12-12% protein 
sequence which exhibited the most desirable tenderness ani juiciness 
scores , 3 . 62 and 3. 38, respectively. Only small differences were 
observed between the other treatments in tenderness am juiciness 
scores. Flavor scores were similar for a11 treatment groups. 
Experiment 2 
Tables 16 , 17 and 18 summarize the data for average daily gain, 
feed requirement per gain and daily feed consumption. Analysis of 
variance mean squares and mean squares for orthogonal treatment com­
parisons are presented in tables 19, 20 arrl 21 for average daily gain, 
feed requirement per gain and daily feed consumption, respectively. 
Twenty to !£2. Kilograms. Pigs fed the 18% protein diet gained 
significantly faster (P <. 01 ) and requ:ired significantly (P <. 01 ) less 
feed per kg of gain than those pigs fed a 12% protein diet. Gains of 
. 0 .73 kg per day for pigs fed the 18% protein diet were 24% more than 
the 0. 59 kg daily gain of pigs fed the 12% protein diet. Feed per 
gain was improved by 2% when pigs were fed the higher protein diet 
{2. 64 versus J. 44). .Although little difference existed in average 
TABLE 16. EFFECT OF DIEI'ARY PROTEIN ON AVERAGE DAILY GAIN 




A B C D E F G H 
12-10-10 12-10-18 . 12-18-10 12-18-18 18-10-10 18-10-18 18-18-10 18-18-18 
Number of pigsb 





14c 14° 15 15d 15 15 15 15d 
0. 59 
0 • .53 
0. 67 
0 . 59 
0.60 






0 . 75 
0. 60 
0. 76 
o . 86 
0. 74 
0 . 75 
0. 60 






a Diets changed at average lot weights of approximately 45 and 77 kilograms. 




0 . 74 
c One pig . was removed during the 20 to 45 kg period. Data are not included for either the 
20 �o 45 kg or 20 to 113 kg period. 
One pig was removed during the 77 to 113 kg period. Data are not included for either the 
77 to 11) kg or 20 to 113 kg  period. 
** P <. 01. 




0 . 78 
t; 
TABLE 17. EFFECT OF DIEI'ARY PROTEIN ON FEED REQUIRED PER GAIN 
OF GROWING-FINISHING SWINE (EXPERIMEN!' 2 ) 
Treatment A B C D E F G 
Calculated protein 12-10-10 12-10-18 12-18-10 12-18-18 18-10-10 18-10-18 18-18-10 18-18-18 percent a 
Number of pig sb 14c 14c 15 15d 15 15 15 15d 
Avg feed per gain, kg 
20-45 kg** 3.46 3 .36 3. 49 3 .44 2 . 57 2. 67 2 .67 2. 64 
45-77 kg** 5 . 37 5. 22 3. 40 3. 83 4. 8? 4. 84 4. 30 4. 11 
77-113 kg** 4. 95 3. 41 4. 01 4. 30 4. 93 3. 98 4. 44 4 . 51 
20-113 kg** 4.65 4. 13 3. 65 3. 88 4. 22 3. 91 J. 90 J . 8J 
a, b, c, d Refer to table 16. 
** p <. 01. 
TABLE 18. EFFPX:T OF DIErARY PROTEIN ON AVERAGE DllLY FEED CONSOMPI'IDN 
OF GROWING-FINISHING SWINE (EXPERIMENI' 2) 
Treatment A 
Calculated protein 12-10-10 
percent a 
Number of pigsb 14° 
Avg daily feed consumption, kg 
20-45 kg 2. 09 
45-77 kg 2. 88 
77-113 kg J . 14 
20-113 kg 2. 75 








C D E 
12-18-10 12-18-18 18-10-10 
15 15d 15 
2. 00 2. 07 1.95 
2. 83 2. 95 2. 96 
3. 49 3. 62 3 .57 




1. 85 1. 90 
3. 00 3. 04 
3. 22 J. 49 






2 . 91 
& 
TABLE 19. MEAN SQUARES FOR AVERAGE DAILY GAIN (EXPERIMENr 2 )  
Source of 20-45 45-77 77-113 20-113 
variation df kilograms kilograms kilograms kilograms 
Mean 1 47.450 48 .518 72. 715 53. 010 
Treatment 7 . 082** .162 ** . 136** .039 ** 
ABCD vs EFGH 1 . 547** . ooo .117 . 032  
A B  V S  C D  1 . 002 . 938** .038 . 150** 
A VS B 1 . 001 .003 • 867** .091** 
C VS D 1 . 007 . 027 . 027 . 001 
EF VP. GH 1 .002 . 254** .003 . 063 **  
E VS F 1 . 027 . ooo .061 . 001 
G VS H 1 . 012 . 027 .003 . 012 
Replicate 2 .004 . 003 . 005 . 001 
Sex 1 .052 . 265 * .091 . 078 
T x R  14 .006 . 009 .028 . 007 
T X  s 7 .004 . 018 .027 . 009 
R x S  2 .011 . 014 . 005 . 006 
T x R x S  14 . 004 . 012 . 013 . 003 
Error 70 . 006 . 010 68 . 021 .006 
Total 118 or ll6 
** P < . 01 .  
* P< . 05 . 
TABLE 20. MEAN SQUARES FOR FEED REQUIRED PER GAIN (EXPERIMENI' 2) 
Source of 20-45 45-77 77 -ll3 20 -11.3 
variation df kilograms kilo�rams kilograms kilograms 
Mean 1 221 . 434 484.561 446. 861 388. 252 
Treatment 7 .555 ** 1. 451** • 797** . 287** 
�D VS EFGH 1 J . 840 ** . OJ4 .531* .076 
AB VS CD 1 .009 8 . 467 ** .002 1.172** 
A vs B 1 . 015 .OJ4 J . 557** . 406• 
C VS D 1 . 004 . 277 .126 . 079 
EF VS GH 1 . 007 1. 268•• .014 .120 
E vs F 1 . 015 . 001 1. 354** . 144 
G VS H 1 . 001 . 054 . 007 . 007 
Replicate 2 . 020 . 244 .125 . 011 
Error 14 . 014 . 076 . 086 . 046 
Total 24 
** P <. 01. 
* P < . 05. 
� 
TABLE 21. MEAN SQUARES FUR AVERAGE DAILY FEED 
OONSOMPI'ION (EXPERIMENI' 2 )  
Source of 23-45 45-77 77-113 23-113 
variation df kilograms kilograms kilograms kilo?:rams 
Mean 1 94. 605 212 .237 280 .0JO 193.064 
Treatment 7 . 021 . 024 . 093 . 018 
Replicate 2 . 026 . 105 . 030 .019 
Error 14 . 008 . 026 . 076 . 017 
Total 24 
daily feed consumption, pigs in the four lots fed the 12� protein level 
consumed 2. 00;  2. 05, 2. 07 and 2. 09 kg daily which was consistently more 
than the 1 . 85, 1. 90, 1.95 and 1 .97 kg daily consumption of the four 
lots of pigs fed the 18% protein diet . 
Forty-five !:_2 J1. Kilograms. Table 19 indicates tha.t pigs fed the 
18� protein diets gained significantly ( P < . 01) faster than pigs fed 
the 10% protein diets .  This effect was consistent regardless of 
whether the pigs had been fed a 12 or 18% protein diet during the 
initial (20 to 45 kg) growth period . Daily gains averaged 0. 79 and 
0 . 73 kg when pigs were fed 18% protein diets preceded by diets of 12 
or 18% protein, respectively, and 0 . 54 and 0 . 60 kg when fed 10� protein 
diets preceded by 12 or 18% protein, respectively. 
Feed requirement per gain followed a similar pattern. Pigs fed 
the 12� protein level initially responded differently when fed a 10� 
protein level than when fed an 1si protein regimen during the secord 
peri od .  Feed per gain ratios, J . 40 and 3. 83, were signficantly lower 
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( P  <. 01) for pigs fed the 18% protein diet than the feed per gain 
ratios, 5. 22 and 5 . 37 ,  of pigs fed the 10% protein level. Differences, 
although significant (P <:.. 01 ), were not as great du.ring this period 
for pigs fed a 10 or an 18% protein regimen when an 18% protein diet 
was fed initially. Pigs fed the 18% protein diet required 4. JO and 
4. 11 kg of feed per kg of gain compared to 4.84 and 4. 87 kg of feed 
for pigs fed a 10� protein diet. No significant differences occurred 
between treatments in average daily feed consumption. Barrows gained 
significantly (P <. 05) faster than gilts during this period. 
Seventy-seven� 113 Kilograms. Highly significant differences 
(P <.  01) were found between treatment groups in both daily gain and 
feed required per gain. Pigs fed the 18% protein level preceded by a 
12-10% protein sequence gained 1. 01 kg per day arrl required J. 41 kg 
of feed per kg of gain. However, pigs fed the 10% protein level 
preceded by a 12-10% protein sequence gained only 0. 67 kg daily and 
had the highest feed per gain ratio, 4.95 . These differences in gains 
and feed per gain were both statistically significant (P <. 01). When 
diets containing an 18-10% protein sequence had been fed during the 
first two periods, daily gains of 0 . 75 and 0. 84 kg for pigs fed 10 and 
1ai protein diets, respectively, were not significantly different. 
However, the pigs fed the 18% protein diet were significantly ( P  < . 01) 
more efficient in feed conversion than pigs fed the lo% protein diet 
during this period. Feed per gain ratios were J .98 and 4. 93 for pigs 
fed the 18 and 10% protein diets, respectively. There was little 
difference in rate of gain or feed per gain when pigs that had 
redei ved diets of 1ai protein during the first two periods or the 
second period only were fed 18 or 10% protein diets during the 77 to 
113 kg period. Although no significant differences in average daily 
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· feed consumption were observed, pigs fed the low protein (12-10%) 
diets during the initial two periods followed by the low protein (10%) 
diet during the final period consumed the smallest quantity of feed. 
Twenty .!:2 113 Kilograms. Highly significant differences (P <. 01) 
in both average daily gain and feed requirement per gain were observed. 
The gains for the entire trial were affected more by the protein 
content of the diets fed during the second and third growth periods 
than by those diets fed during the initial period. Significantly 
(P < . 01) faster gains were obtained when the 18% protein diet was fed 
during the second growth period regardless of the diets fed during 
the first or third periods. However, diets fed during the third or 
finishing period caused significant differences only when pigs were 
fed the 18% protein diet preceded by the low protein diets (12-10�). 
Feed requirement per gain followed a similar pattern to the gain data 
in that pigs gaining the slowest also had the highest feed per gain 
ratio. Pigs fed the 12-10-10% protein diet required the most feed 
per kg of gain, 4.65 kilograms. Average daily feed consumption was 
not significantly different. Treatment averages of daily feed con­
sumption varied fran 2. 73 to 2. 91 kilograms. 
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Quantitative Carcass Traits. Data and mean squares for the 
quantitative c arcass traits are found in tables 22 arrl 23, respectively. 
Protein level of the diet resulted in significant differences in both 
!• dorsi area (P <. 01 )  and percent lean cuts ( P <  .05 ). Pigs fed the 
1oi protein diet during the last two feeding periods had the smallest 
average 1. dorsi areas, 28. 60 and 29. 59 sq cm, for pigs fed the 
12-10-10 and 18-10-10% protein diets, respectively. Pigs started on 
an 18% protein diet and receiving the 18% diet during at least one of 
the other two feeding periods had significantly (P <. . 01 )  larger ±• 
dorsi areas than those pigs fed 12% protein diets initially. Average 
c arcass backfat was quite similar between treatments. There was a 
trend, however, for slightly more backfat on carcasses from pigs fed 
the low protein diets during the last two feeding periods. Carcass 
length ranged from 78. 56 cm for pigs fed an 18% protein diet 
continuously to 79.36 cm when pigs were fed the 18-10-10% protein diet. 
Dressing percent was slightly but not significantly higher for pigs fed 
18% protein diets initially. 
Percent lean cuts ranged from 43 . 99 for pigs fed the 18-10-10% 
protein sequence to 46.91 for pigs consu..�ing the 18-10-18% dietary 
protein level. This difference was statistically significant (P <. 01). 
Pigs fed an 18% protein level continuously also exhibited a high percent 
of lean cuts, 46. 74. Percent ham and loin followed a similar trend to 
percent lean cuts ; however, there were no significant differences 
between treatments. Pigs fed the low protein sequences during the last 
two periods, 12-10-10 and 18-10-10%, had the lowest percentages of ham 
Treatment 
. TABLE 22 . EFFEX:T OF DIETARY PROTEIN ON QUANl'lTATIVE CARCASS TRAITS 
OF GROWING-FINISHING SWINE (EXPERIMENT 2 )  
A B C D E F G 
Calculated protein percent 12-10-10 12-10-18 12-18-10 12-18-18 18-10-10 18-10-18 18-18-10 18-18-18 
Number of pigs 14 14 15 14 15 15 15 14 
Avg carc ass weight, kg 78 . 83 79 . 04 79 . 32 78 . 21 79 . 43 79. 35 80 .92 79. 27 
Avg 1. dorsi area, sq cm*.XX 28 . 60 32 .10 J0.88 Jl. 46 29 . 59 34. 21 JJ . 58 34. 25 
Avg backfat, cmx 3 . 69 3 . 57 3. 64 3. 51 3. 66 3. 45 J . 54 3 . 50 
Avg length, cmxx 79 . 32 79. 00 78 . 98 7 8.63 79. 36 78. 81 79. 08 78.56 
Avg dressing percent 69 . 39 68 .92  69 . 27 68. 98 69 . 86 69.43 71 . 00 69 . 47 
Avg percent ham and loinX 31. 75 32 . 48 33 . 25 31 . 88 31. 35 33 . 62 32 . 15 34. 07 
Avg percent lean cuts* 44. 42 45. 03 45 . 90 44. 87 43 .99 46. 91 44.94 46. 74 
** P < . 01.  
* P < . 05 . 
xx P < . 01 , significant sex difference .  
x P < . 05 , significant sex difference.  
V\ 
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TABLE 23 . MEAN SQUARES K>R L. OORSI AREA, B.ACKFAT , LENJTH, DRESSINl PERCEN!' , 
HAM AND !DIN PERCENI' AND LEAN curs PERCENI' (EXPERIMENI' 2 )  
Source of �. dorsi Dressing Ham and loin 
variation df area Backfat Length percent percent 
Lean cuts 
percent 
Mean 1 106,125 . 390 1, 336. 011 653, 045 . 720 506, 430 . 230 lll , 089 . 050 215, 377. 870 
Treatment 7 58 . 277** . 099 1. 098 5. 988 12 .472 15. 201 * 
ABCD vs EFGH 1 1J8 . J53 ** 10 . 44) 
AB vs CD 1 10 . 086 6 . 534 
A VS B l 91 . 875 ** 2 . 791 
C vs D 1 2 . 523 7 . 957 
EF VS GH 1 60 . 903 * 2. 282 
E VS F 1 160 . 083 ** 63 . 948** 
G VS H 1 3 . 367 24 . 300 
Replicate 2 2 . 477 . 044 2 .569 .187 1. 707 6 .965 
Sex 1 245 . 947** 4 . 095 * 88. 467** 5 . 091 100 . 338• 123 . 067 
T X  R 14 8. 895 . 117 1 . 494 3. 319 4.542 5. 347 
T X  s 7 12. 362 .057 2. 093 2 . 268 6. 879 12. 791 
R x S  2 1. 011 .140 . 425 J . 584 1. 482 , , .  8. 412 
T x R x S  14 8. 660 . 112 1 . 270 1 . 317 7. 473 9 . 964 
Error 68 9 . 736 . 136 2 . 596 1 . 645 4 . 141 6. 529 
Total 116 
** P � . 01. 




and loin. 31 . 75 and 31 . 35 .  respectively. Gilts possessed significantly 
larger 1. dorsi areas and longer carcasses (P <.  01 ) ,  less backfat 
( P <. 05) and a higher percent ham and loin ( P <. 05 ) than barrows. 
Qualita� Carcass Traits. Highly significant (P < .0l )  treat­
ment differences were observed in the fat content and drip loss of the 
!• dorsi muscle. Significant differences (P <.05) due to protein level 
of the diet were observed in marbling score , volatile gas loss and 
juiciness score of the 1• dorsi muscle. These data are summarized in 
table 24 and mean squares for the analysis of variance and orthogonal 
treatment comparisons are shown in tables 25 , 26 and 27. 
Fat content was markedly higher in the 1• dorsi muscle of pigs 
fed the 12-10-10 and 18-10-10% protein sequences, 5.24 and 4. 42%, 
respectively. This is in contrast to the 2. 56 and 1. 79% fat found 
in the 1_. dorsi muscle of pigs fed protein levels of 18-18-10% or 
18� continuously. Protein content of the 1• dorsi muscle followed no 
particular trend. There were no significant differences due to 
dietary treatment. 
Marbling score of the 1• dorsi muscle was highest when low 
protein diets were fed. Marbling scores of 2.83,  2.61 and 2.61 were 
obtained in muscles from pigs fed diets of 12-10-10 , 18-10-10 am 
12-10-18� protein, respectively. This compares to an average marbling 
score of 2.23 when pigs had received the 18t protein diet during any 
two or during all three feeding periods. Only small variation existed 
in color and firmness scores. These scores ranged from 1.81 to 2. 39 
and were not significantly different. 
Treatment 
TABLE 24. EFFEX:T O F  DIETARY PROTEIN ON THE QUALITATIVE CARCASS TRAITS 
OF GROWING-F.I NISHING SWINE (EXPERIMENT 2 )  
A B C D E F G H 
Calculated Erotein Eercent 12-10-10 12-10-18 12-18-10 12-18-18 18-10-10 18-10-18 18-18-10 18-18-18 
Number of pigs 14 14 15 14 15 15 
Avg carcass weight, kg 78 . 83 79. 04 79. 32 78. 21 79. 43 79. 35 
L. dorsi, fresh 
- Avg moisture, % 70. 99 71. 08 71. 33 71 .18 71. 23 70. 92 
Avg protein, % 21. 35 22. 54 22. 07 22. 67 21 .96  22. 82 
Avg fat, %*.X: 5. 24 3. 31 3. 08 3. 05 4. 42 3 . 06 
Avg marbling scorea* 2. 83 2. 61 1 .92 2 . 31 2. 61 2.17 
Avg color and firmness 
scoreb 
2. 28 2. 14 1. 81 1.94 2. 39 2. 28 
f. dorsi, cooked 
Avg shear value, kgc 6. 05 6. 30 5 . 62 6. 54 6. 49  6. 79 
Avg cooking loss, i 21 . 04 20. 80 21 . 47 23.11 21 . 77 22. 54 
Avg volatile gas 11 .19 10. 73 11 . 39 13 . 5 6  10 . 74 12.90 
loss, %* 
Avg drip loss , i•• 9 . 84 10. 06 10. 09 9 . 58 11. 01 9. 62 
Avg tenderness scored J . 44 3 . 37 2. 92 3 . 22 3. 65 J. 64 
Avg flavor score8 3. 37 3 . 39 3 . 5 6  3 . 59 3 . 58 3 . 60 
Avg juiciness scorer* 3 .75 4. 26 4. 66 4. 30 4. 24 4. 74 
a Based on a 1 to 5 scale, l = trace to 5 = abundant. 
b Based on a 1 to 5 sc ale, 1 = pale , soft and watery to 5 = dark and firm . 
c Kilograms of force to shear a core 2 . 54 cm in diameter. 
d Based on a 1 to 8 scale, 1 = extremely tend er to 8 � extremely tough. 
e Based on a 1 to 8 scale , 1 = extremely desirable to 8 = extremely undesirable . f Based on a 1 to 8 scale, 1 = extremely juicy to 8 = extremely dry . 
** P < . 01.  
* P < . 05 .  
x P < .  05 , significant sex difference. 
15 14 
80. 92 79. 27 
71. 71 71. 74 
22 . 48 22. 03 
2 .5'6 1. 79 
2. 25 2. 19 
2. 39 2. 19 
7 . 76 7. 03 
21 . 54 22. 77 
10.93 11. 06 
10. 61 11. 73 
4. 29 4. 03 
3 . 62 3. 85 








AOCD vs EFGH 
AB VS CD 
A VS B 
C VS D 
EF VS GH 
E VS F 
G VS H 
Replicate 
Sex 
T X R 
T X s 
R x S 
T x R x S 
Error 
Total 
** P <'... 01. 
* P < . 05. 
MEAN SQUARES FOR MOisrURE PER:ENl' , FAT PERCENr , PROTEIN PERCENl' , MARBLING SCORE 
AND CO:OOR AND FIRMNESS �O}:l.E OF THE FRESH 1• OORSI (EXPERIMENI' 2 )  
Color and 
Moisture Fat Protein Marbling firmness  
df percent percent percent score score 
l .531 , 975.870 1 , 150 . 341 51, 789 .925 583 . 838 496. 375 
7 1.251 14. 357 ** 2.927 1.178* . 602 
1 15.230** .380 
1 21.962 ** 5 . 490**  
1 27.937** . 363 
1 . 007 1.141 
1 36.738 ** . 434. 
1 13.872** 1.452 
1 4.447 . 027 
2 1 .567 1.666 .948 . 332 . 094 
1 21. 536 44. 769 * 3. 750 8.081 2.557 
14 . 814 1.456 1. 630 . 425 . 6.56 
7 1. 240 1 . 008 2. 266 . 545 . 401 
2 1. 865 2. 365 1. 265 1. 051 1. 342 
14 1 ..5.55 1. 940 1. 206 . 944 . 638 




TABLE 26. MEAN SQUARES FOR OO0KING IDSS PERCENI' , VOLATILE GAS IDSS 
PERCENI' AND DRIP LOSS PERCENI' OF THE COOKED f• OORSI 
(EXPERIMENr 2 )  
Source of Cooking loss Volatile gas Drip loss 
vari ation df perc ent loss perc ent percent 
Mean 1 50 , 139 . 094 13 , 999 .45.5 11 ,149 . 503 
Treatment 7 8. 674 14. 624* 7 .104** 
ABCD vs EFGH 1 2 . 883 21 .675** 
AB VS CD 1 34.428* . 198 
A vs B 1 1 . 587 . 363 
C VS D 1 35 . 317• 1 .951 
EF vs GH 1 17. 496 10 .965* 
E vs F 1 34.992* 14. 491** 
G VS H 1 . 127 9 .408* 
Replic ate 2 5 .423 8 .496 . 582 
Sex 1 142 . 206 27.136 44.626 
T X  R 14 4. 041 4. 068 1. 567 
T X  s 7 2 . 284 7 . 319 1. 633 
R x S 2 15 . 045 10. 890 3.995 
T x R x S  14 6. 443 5 . 617 4. 015 
Error 68 9 . 074 7. 032 4. 196 
Tota1 116 
** P c::::. . 0l .  
* P < . 05 .  
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TABLE 27. MEAN SQUARES FOR SHEAR TEsr, TENDERNESS �RE, 
FLAVOR S:ORE AND JUICINESS S:::ORE OF THE 
COOKED !!• OORSI ( EXPERIMENI' 2) 
Source of Shear Tenderness F.lavor Juiciness 
variation df test score score score 
Mean 1 4, 522. 645 1, 335. 881 1 , 334.323 2, 027. 840 
Treatment 7 5 . 837 2. 639 . 272 1. 572* 
ABCD VS EFGH 1 2.977* 
AB VS CD 1 3 . 384* 
A vs B 1 1.951* 
C vs D l .972 
EF VS GH l . 273 
E VS F l 1. 875 
G vs H 1 1. 801 
Replicate 2 5 .552 . 454 .130 1.148 
Sex 1 2.933 . 269 . 374 3 .917 
T X  R 14 2.923 1. 054 . 122 .4ll 
T X  s ? 1. 208 . 755 .192 .683 
R x S 2 11. 084 1. 891 . 051 1.931 
T x R x S 14 2. 766 1. 348 .136 .387 
Error 68 2.990 1. 426 . 164 . 589 
Total 116 
* P < . 05. 
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Considerable variation existed in shear values am taste panel 
ten:lerness scores. Pigs fed the high protein regimens of 18-18-10� 
and 18� continuously possessed the highest shear values, 7. 76 and 7.03 
kg, respectively, and the least desirable tenderness scores, 4. 29 an:i 
4.0J, respectively. In contrast pigs fed the 12-18-10% protein diets 
had !• dorsi muscles possessing the most desirable tenderness scores 
and shear values, 2. 92 and 5 . 62 kg, respectively. Cooking loss, 
volatile gas loss and drip loss did not appear to be related to any 
particular protein level, although there were significant treatment 
differences in volatile gas loss and drip loss. Both cooking loss arrl 
volatile gas loss were highest in muscle from pigs fed the 12-18-18% 
protein sequence, 23. ll and lJ. 56%, respectively, and lowest when pigs 
were fed a 12-10-18% protein sequence, 20.80 and 10. 73%, respectively. 
Drip loss was highest in those pigs fed an 1si protein diet continuously, 
11. 73%. flavor score varied fran 3. 37 to J. 85 'With the more desirable 
fiavor present in chops fran pigs fed the low protein dietary sequence 
and the least desirable fiavor was noted when pigs had received the 
high protein diet continuously. The most desirable juiciness score, 
J. 75, was also found in chops from pigs fed the 12-10-1� protein 
sequence. This is in contrast to a juiciness score of 4. 87 when chops 
were from pigs fed an 18% protein diet continuously. Gilts had 
significantly less ( P <. 05) fat in the 1. dorsi than barrows. 
Experiment 2, 
Average daily gain, feed per gain and average daily feed con­
sumption data are presented in tables 28, 29 and JO, respectively. 
TABLE 28. EF:Frer OF  DI.El'ARY PROTEIN ON  AVERAGE DAILY GAIN 




A B C D E F G H 
18-16-16 18-16-14 ·18-16-12 18-16-10 18-12-16 18-12-14 18-12-12 18-12-10 
Number of pigsb 
Avg daily gain, kg 
21-45 kg 




























� Diets changed at average lot weights of approximately 45 and 77 kilograms. 








0 . 75 
c One pig was removed during the 21 to 45 kg period. Data are not included for either the 
21 �o 45 kg period or the 21 to 113 kg period. 
One pig was removed during the 77 to 113 kg period. Data are not included for either the 
77 to 113 kg or 21 to 113 kg period. 
x P <. 05, significant sex difference. 
°' 
0 
TABLE 29 . EFFECT OF mEI'ARY PROTEIN O N  FEED REQUIRED PER GAIN 
OF GROWING-FINISHING SWI NE  ( EXPERIMENT 3 )  
Treatment A B C D E F G 
Calculated protein 18-16-16 18-16-14 18-16-12 18-16-10 18-12-16 18-12-14 18-12-12 18-12-10 percenta 
Number of pigsb 12 12 12 12 12 nc 12 12d 
Avg feed per gain, kg 
21-45 kg 2.42 2. 35 2. 46 2. 36 2. 33 2. 41 2. 40 ' 2. 39 
45-77 kg 3. 13 3. 20 3. 23 3.22 3.32 J. 30 3.26 3. 36 
77-113 kg** 3. 93 3. 90 3. 97 4. 27 3. 72 3. 83 J. 87 4.47 
21-113 kg 3. 25 3. 25 3. 31 3. 40 3. 21 3. 26 3. 26 J . 48 
a,b, c, d Refer to table 28. 
** P �.01. 
TABLE 30. EFFFm' OF DIEI'ARY PROTEIN ON AVERAGE DAILY 
FEED CONSUMPTION (EXPERIMENr 3) 
Treatment A B C D E F 
Calculated protein 18-16-16 18-16-14 18-16-12 18-16-10 18-12-16 18-12-14 ercenta 
Number of pigsb 12 
Avg daily feed consumption , kg 
21-45 kg 1. 67 
45-77 kg 2 .57 
77-113 kg 2. 92 
21-113 kg 2. 45 






12 12 12 11° 
1. 68 1.66 1.60 1.66 
2. 62 2. 70 2. 60 2 • .52 
3. 14 3. 25 2. 99  2. 90 
















Tables 31, 32 and 33 show the mean squares for analysis of variance 
arrl orthogonal treatment comparisons for these data. 
No significant treatment differences were observed in average 
daily gain, feed required per gain and average daily feed consumption 
during any of the weight periods studied except for a highly signifi­
cant difference (P <. 01) in feed per gain ratios during the 77 to 113 
kg  period. 
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Twenty-one to !!2_ Kilograms. All pigs were fed the 18% protein 
diet during this period. 
Forty-tive to 77 Kilograms. Pigs fed the 16� protein diet 
gained slightly faster and more efficiently than those pigs fed a 12% 
protein regimen. When similar treatment groups were averaged, pigs 
fed the 16% protein diet gained 0. 82 kg per day with a feed per gain 
ratio of 3. 20, while pigs fed a 12% protein diet gained 0. 79 kg daily 
arxi required 3. 31 kg of feed per kg of gain. Feed consumption per day 
was similar between treatments. Barrows gained significantly faster 
than gilts (P <. 05) during this period. 
Seventy-seven .!:,2, 113 Kilograms. Daily gains were lowest, 0. 76 
kg, when pigs were fed 14 or 10% protein diets preceded by an 18-12% 
protein sequence . This is in comparison to the fastest gains, 0. 83 kg 
per day, by pigs fed a 14% protein diet preceded by an 18-16% protein 
sequence or a 16% protein diet preceded by an 18-12% protein sequence. 
Pigs fed a 10% protein diet preceded by an 18-16% protein sequence 
required significantly (P<: . 01) more feed per kg of gain than pigs 
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TABLE 31. MEAN SQUARES FOR AVERAGE DAILY GAIN (EXPERIMENT 3) 
Source of 21-45 45-77 ??-113 21-113 
variation df kilograms kilograms kilograms kilograms 
Mean 1 44.516 60. 469 .58.645 53. 729 
Treatment 7 . 002 . 005 . 009 . 001 
Replicate 2 . 006 . 019 . 003 . 001 
Sex l . 001 . 163* . 016 . 032 
T x R  14 . 004 . 004 . 005 . 002 
T X  s 7 . 004 . 003 . 024 . 004 
R x S  2 . 005 . 004 . 019 . 010 
T x R x S  14 . 002 . 005 . 010 . 004 
Error 47 . 003 . 008 
46 . 010 . 005 
Total 94 or 9.5 
* P <. 05. 
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TABLE 32.  MEAN SQUARES FOR FEED REQUIRED PER GAIN (EXPERIMENl' 3) 
Source of 21-45 45-77 77-113 21-113 
variation df kilograms kilograms kilograms kilo�rams 
Mean l 137.090 254 .020 382. 801 261. 360 
Treatment 7 . 005 . 016 .185**  . 025 
AB:D VS EFUH l . 012 
AB:: VS D l . 255** 
AB vs C l . 006 
A VS B l . 001 
EFG VS H l .990** 
EF VS G 1 . 018 
E vs F l . 018 
Replic ate 2 . 003 . 037 .050 .020 
Error 14 . 011 . 018 . 033 . 017 
Total 24 
**  p <.01. 
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TABLE JJ . MEAN SQUARES FOR AVERAGE DAILY FEED CONSUMPTIO N  
(EXPERIMENr J )  
Source of 21-45 45-77 77-113 21-113 
variation df kilograms kilograms kilograms kilograms 
Mean 1 64. 780 162.552 231.509 150 . 701 
Treatment 7 . 005 .on . 084 . 017 
Replica.ta 2 . 012 . 047 . 005 . 012 
Error 14 • 003 . 012 . 031 . 010 
Total 24 
consuming 16, 14 or 12i dietary protein levels preceded by the same 
protein sequence. Pigs fed an 18-12� protein sequence during the first 
two periods arrl a 10% protein diet during the third pericrl were signifi­
cantly less ( P <. 01) efficient in feed utilization than those pigs fed 
16, 14 or 12i protein diets during this final period. Pigs fed a 16, 
14 or 12'% protein diet preceded by an 18-12% protein sequence were 
slightly more efficient than those pigs fed these same diet s but 
preceded by an 18-16% protein sequence. Daily feed consumption varied 
from 2.92  kg for pigs fed a 16% protein level preceded by an 18-16% 
protein sequence to 3. 36 kg for pigs  fed a. 1oi protein diet preceded 
by a.n 18-12% protein sequence. 
Twenty-one to 113 Kilograms . Daily gains were very similar 
between groups . Gains per day ranged from 0. ?4 to 0. 78 kg and were not 
affected by protein level of the diet . Feed requirement per gain was 
the highest for pigs fed a 10% protein diet during the last period, 
J . 40 and 3 . 48  kg for pigs fed the 18-16-10 and 18-12-10% protein diets , 
respectively. Daily feed consumption was also highest, 2. 61 kg, when 
pigs were fed these diets. Average daily feed consumption by pigs 
receiving the other dietary treatments ranged from 2. 41 to 2. 53 
kilograms. 
Quantitative Carcass Traits. Data and mean squares for the 
quantitative carcass traits are found in tables 34 and 35 , respectively. 
Pigs fed a 10� protein diet during the last two periods had 
significantly (P <.  01 ) more carcass backfat than pigs fed 16, 14 or 
12% protein diets when they had been fed 18-12% protein diets during 
the first two periods. Carcass backfat of pigs fed an 18-16% protein 
sequence initially was significantly less for pigs fed a 16 or 14% 
protein diet during the final period than those pigs fed a 12 or 10% 
protein regimen during this final period. _!!. dorsi area, percent ham 
and loin and percent lean cuts were markedly lower for those pigs fed 
a 10� protein diet during the final period. In contrast pigs fed an 
18-12-16% protein sequence had the largest 1• dorsi area and percentages 
of ham and loin and lean cuts. Care ass length and dressing percent 
appeared not to be affected by any certain protein level. Gilts had 
significantly (P < . 01) larger 1· dorsi areas and significantly less 
(P < .  05) backf at , longer care asses an:i higher percentages of ham and 
loin and lean cuts than did barrows. 
Treatment 
TABLE 34. EF�T OF  DIF:l'ARY PROTEIN O N  THE QUANTITATIVE CARCASS TRAITS 
OF GOOWING-FINISHING SWINE (EXPERIMENI' 3)  
A B C D E F G 
Calculated protein percent 18-16-16 18-16-14 18-16-12 18-16-10 18-12-16 18-12-14 18-12-12 18-12-10 
Number of pigs 12 12 12 12 12 10a 12 ll 
Avg carcass weight, kg 78. 85 79.09 79. 64 80.94 78.96 79 .52 79. 26 79. 37 
Avg .!,. dorsi area, sq cmXX 33. 90 33. 29 JJ. 48 31.94 36. 38 J4.25 34. 05 J0. 48 
Avg backfat, cm .X 3. 55 3.43 3. 75 3. 90 3. 47 3. 42 3. 59 3. 88 
Avg length, cmX 79. 83 80. 61 79. 27 79 .59 80. 18 80.21 79. 12 78. 98 
Avg dressing percent 69. 78 69. 46 70. 24 70 . 78 69. 62 70. 11 70. 26 70 . 0.5 
Avg percent ham and loinX 33. 43 32. 98 32. 31 J0. 88 33. 68 33. 05 32. 58 JO. BJ 
Avg percent lean cutsx 45. 35 45. 12 44.42 42.65 45 . 68 45 . 52 44. 73 42. 32 
a An additional pig was not included in the carcass data due to death from a stress condition 
prior to slaughter. 
* P < . 05. 
x P < .  0.5, significant sex difference . 
xx P <'. 01, significant sex difference. 
� 
TABLE 35 . MF.AN SQUARES FOR L. OORSI AREA, B.ACKFAT ,  LEN'.rTH, DRESSING PERCENT, 
HAM AND !DIN PERCEm' AND LEAN CUTS PERCENT (EXPERIMENT J )  
-
Ham and 
Source of b• dorsi Dressing loin Lean cuts 
variation df area Backfat Length percent percent percent 
Mean 1 101, 221. 470 1,185 . 657 574, 245. llO 443 , 203.890 91, 645. 682 171, 960 . 150 
Treatment 7 33 . 383 . 437 * 3 . 866 2 .105 12. 770 17. 655 
ABCD vs EFGH 1 . 109 
AOC VS D l . 941** 
AB VS C 1 . 541* 
A VS B l . 086 
EFG VS H l l. 346**  
EF VS G 1 .168 
E VS F 1 . 015 
Replicate 2 34.980 . 033 . J14 2 . 274 10 .132 25. 010 
Sex 1 171. 419** 1. 469 * 21. 381* . 402 21 .917• 31. 300• 
T X  R 14 20 . 024 .146 3 . 254 2 . 029 5. 461 8. 079 
T X  s 7 16. 634 .137 3 . 409 4. 400* 6 . 626 10 . 443 
R x S  2 . 732 . 026 . 551 1. 589 . 751 1. 316 
T x R x S 14 19 .996 .163 2. 058 1. 430 4. 400 7. 574 
Error 4.5 21. 776 .192 2 . 861 1. 506 43 3 .997 6. 582 
Total 93 or 
91 
* P< . 05. 
**  P< . 01. 
$ 
Qualitative Carcass Traits. Data for the qualitative carcass 
traits are reported in table 36, while mean squares are presented in 
tables 37, 38 and 39. 
70 
Feeding a 10% protein diet during the last period to pigs that 
had been fed an 18-16i protein sequence during the first two periods 
resulted in the !• dorsi muscle having significantly (P <.01) more fat 
and a higher marbling score than the 1. dorsi muscle of pigs fed 16, 
14 or 12% protein diets during this period. In addition, !• dorsi 
muscle from pigs fed the 1� protein diet had lower moisture and 
protein content than found in the muscle of pigs in the remaining 
three groups. Pigs fed an 18-12-10� protein sequence had a lower 
protein content, a significantly lower (P <.01) moisture percent and 
higher (P < . 01 )  fat percent of the 1• dorsi compared to pigs fed 16, 
14 or 12% protein diets preceded by an 18-12% protein sequence 
initially. Marbling scores differed somewhat for pigs fed an l8-12i 
protein diet initially but did not appear to be related to the dietary 
protein level fed during the third period. Scores were 2. 17, 3. 17, 
2. 33 and 2. 8J for pigs fed 16, 14, 12 or 10% protein diets, respectively, 
during this period. Color and firmness scores were similar for all 
treatments. 
Shear values and tenderness scores were highest in those pigs 
fed an 18-16-14 or 18-12-14% protein sequence in their diets. Shear 
values for the two groups were 7. 52 and 8. Jl kg,  respectively, while 
respective tenderness scores were 4. 31 and 4.18. In contrast those 
pigs fed an 18-12-12% protein sequence had the lowest shear value an:i 
TABLE J6. E�T O F  DIETARY PROTEIN O N  THE QUALITATIVE CAHCASS TRAITS 
OF GOOWING-FINISHING SWINE (EXPERIMENr J)  
Treatment A B C D E F G H 
Calculated protein percent 18-16-16 18-l6-14 18-16-12 18-16-10 18-12-16 18-12-14 18-12-12 18-12-10 
Number of pigs 12 12 12 12 12 10a 12 11 
Avg carcass weight, kg 78. 85 79. 09 79 . 64 80.94 78. 96 79. 52 79. 26  79. 37 
L. dorsi, fresh 
- Avg moisture, %** 71. 34 72 . 05 71. 53 70 . 93 71. 49 71. 48 71.56 69. 74 
Avg protein, % 22 . 43 22. 74 22. 49 22. 02 22. 65 22. 40 21. 95 21. 53  
Avg fat, %** 3. 90 3. 39 4. 03 5 . 60 4. 12 4. 33 4. 55 6. 98 
Avg marbling scoreb * 2. 42 2. 08 2. 58 3.08 2. 17 3. 17 2. 33 2. 83 
Avg color and firmness 2. 00 2. 00 2. 42 2. 42 1. 92 2. 33 2. 00 2 . 25 
score0 
L. dorsi, cooked 
- Avg shear value, kgd 6.68 7.52 6 . 85 7. 02 6. 64 8.Jl 5 .  75 6. 68 
Avg cooking loss, % 22. 27 23.68 24. 13 23. 04 23. 65 21 . 99 23.85 24. 68 
Avg volatile gas ll. 83 14. 06 13. 05 12. 80 13. 58 ll. 63 13. 27 13. 63 
loss, % 
Avg drip loss, % 10. 42 9. 63 11.07 10. 24 10. 08 10. 38 10. 59 11. 07 
Avg tenderness score8 J . 58 4. Jl 3. 44 J. 47 4. 04 4.18 3. 36 3.85 
Avg flavor scoref J. 59 J. 79 J. 42 3. 56 J. 83 3. 78 J. 41 J. 42 
Avg juiciness scoreg 3. 99 4. 44 4.09 3 . 77 4. 32 4. 13 3. 83 3. 77 
a Refer to table 34 .  
b Based on a 1 to 5 scale, 1 = trace to 5 = abundant. 
c Based on a 1 to 5 scale, 1 = pale, soft and watery to 5 = dark and finn. 
d Kilograms of force to shear a core 2 . 54 cm in diameter. 
e Based on a 1 to 8 scale, 1 = extremely tender to 8 = extremely tough. 
f Based on a l  to 8 scale, 1 = extremely desirable to 8 = extremely und esirable. 
g Based on a l to 8 scale, 1 = extremely juicy to 8 = extremely dry. 
** p < . 01. 
* P < . 05 . 
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TABLE 37. MEAN SQUARES FOR MOisrURE PERCENl', FAT PERCENT, P�TEIN PERCENr, MARBLING SCORE 
A.ND OOIDR AND FIRMNESS OCORE OF THE FRESH f• OORSI (EXPERIMENI' J )  
Color and 
Source of Moisture Fat Protein Marbling firmness 
variation df percent :eercent percent score score 
Mean 1 458 , 883 . 550 1,920 . 537 44, 839 . 313 602 .980 424 .157 
Treatmen t 7 5 . 074** ll} . 406**  1. 860 1. 831* . 510 
ABCD VS EFGH 1 3 . 745 * 14. 045 ** . 173 
AOC vs D 1 4 .537** 30 . 030** 4 . 666** 
AB VS C 1 . 218 1 . 186 . 871 
A VS .d 1 3 . 025 * 1.561 . 694 
EFU VS H 1 28. 196** 63. 044** . 672 
EF vs G 1 . 045 .845 . 925 
E vs F 1 . 001 . 265 6. 000 ** 
Replicate 2 11. 708 18. 300 . 621 2 . 593 2 . 370 
Sex 1 4. 532 9 . 666 . 286 . 039 . 039 
T X  R 14 1. 014 1. 822 . 936 .563 . 493 
T X  s 7 J . 525 *  5 . 672 . 577 1 . 007 . 412 
R X  s 2 2 . 307 7 . 678 . 593 2 . 652  . 648 
T x R x S  14 . 891 2 . 329 1. 247 . 444 . 396 
Error 45 1. 855  2 . 609 . 761 1. 267 . 778 
Total 93 
** p < . 01. 
* P <. 05 .  
TABLE J8. M&AN SQUARES FOR OJOKING LOSS PERCENI', VOLATILE GAS IDSS 
PERCENI' AND DRJP lOSS PERCE IT OF THE COOKED f. OORSI 
( EXPERDrENI' 3 )  
Source of Cooking loss Volatile gas Drip loss 
variation df percent loss percent percent 
Mean 1 49, 522.120 15, 22). 188 9, 833. 355 
Treatment 7 8.870 8. 037 2. 726 
Replicate 2 21.911 12. 637 67. 031 
Sex 1 6.989 21. 565 4. 282 
T x R 14 6. 396 5 . 319 2. 867 
T X  s 7 7.506 ll. 488 3. 785 
R x S  2 13. 278 10. 369 10. 605 
T x R x S  14 ll. 826 8. 986 6. 354 
Error 45 16. 290 8. 739 7. 299 
Total 93 
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TABLE 39. MEAN SQUARES FOR SHE.AR TEST, TENDERNESS �ORE, 
FLAVOR OCORE AND JUICINESS s:x)RE OF THE COOKED f. OORSI 
(EXPERIMENT 3 )  
Source of Shear Tenderness Flavor Juiciness 
variation df test score score score 
Mean 1 4, 338.148 1, 289 . 719 1 ,170 . 297 1, 475.922 
Treatment 7 5 . 771 1.536 . 366 . 737 
Replicate 2 6.401 .417 . 086 2 . 944 
Sex 1 . 002 . 022 . 275 1. 867 
T x R 14 J . 098 . 6JO . 240 . J29 
T X s 7 J . 742 1.156 .159 . 306 
R x S 2 3 . 670 .105 .245 . 382 
T x R x S  14 3 . 300 .677 . 161 . 495 
Error 45 3.632 . 789 . 224 . 356 
Total 93 
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tenderness score, 5 . 75 kg and 3 . 36, respectively. These differences 
could not be attributed to the protein level of the diet. Cooking 
loss, volatile gas loss and drip loss of the l• dorsi muscle were not 
significantly affected - by dietary treatment. There was considerable 
treatment difference in losses, but these differences followed no 
consistent pattern. Cooking loss was highest in pigs fed the 18-12-10% 
protein sequence, volatile gas loss was highest in pigs fed the 
18-16-14� protein sequence and drip loss was highest when pigs were 
fed either an 18-16-12 or 18-12-10% dietary protein sequence. flavor 
scores were similar for all treatment groups varying only from J. 41 
to J . 8J . Juiciness scores were most desirable, 3 . 77, for pigs fed the 
lo% protein diet during the final period. However, this differs little 
from pigs fed an 18-16-14% protein diet and having the least desirable 
juiciness score of 4. 44. 
DIS:USSION 
Average Daily �' Average � Requirement Per Gain and Average 
Daily � Consumption 
Initial Weight to 45 Kilograms. In both experiments 1 and 2, 
average daily gain and feed efficiency were reduced significantly 
when a 12% protein diet was fed as compared to 20 or 16% protein in 
experiment 1 or an 18% protein diet in experiment 2. In experiment 1, 
pigs fed the diet of 20% protein gained at a similar rate to those fed 
16% protein ; however, they showed a significant improvement in 
efficiency of feed utilization. Therefore, these results would 
indicate that a 12% dietary protein level is not adequate for satis­
factory gain or efficiency of feed utilization and that a 16% protein 
diet does not support optimum feed efficiency during this early growth 
stage of the pig. These results are in agreement with the results of 
several other investigators. Au.nan tl al. (1961)  reported that pigs 
fed a 16 or 14� dietary protein level up to 5? kg gained significantly 
faster than those fed a 1� protein diet. In addition, Seymour et al. 
(1964) found that pigs consuming 17% dietary protein gained both 
significantly faster and more efficiently compared to pigs consuming 
a 13% protein diet from ? weeks of age to 57 kilograms. Mitchell and 
Hamilton (1935 ) as cited by Lassiter et al .  (1955 )  concluded that the 
· pigs from 18 to 45 kg required a dietary protein level of 17i for 
maximum growth. Lassiter et al. (1955 ) compared dietary protein levels 
of 10, 12, 14 and 16% for pigs fed in drylot from 14 to 45 kilograms. 
Pigs fed 16% protein gained significantly faster than the other groups. 
Feed efficiency, although not significantly different, increased as 
protein level increased from 10 to 16�. 
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Forty-five � 'J1 Kilograms. In experiment 1, compensatory gain 
was noted as pigs fed the 16% protein diet preceded by a 12% protein 
level gained noticeably faster and more efficiently than other treat­
ment groups that received diets of 12, 16 or 20% protein. In experiment 
J ,  pigs fed the 16% protein level during this second period gained 
slightly, but not significantly, faster and more efficiently than pigs 
fed a 12% protein level. Results from these two experiments suggest 
that the 12% protein level is approaching the protein requirement of 
the pig for maximum growth and efficiency of feed utilization during 
this particular live weight period . This experimental evidence would 
indicate that feeding 20% dietary protein during this period would be 
wasteful for growth and feed efficiency. It is assumed the excess was 
deaminated and used as a source of energy. Since protein is an 
inefficient and costly source of energy, feeding of protein beyond its 
requirement is uneconomical and not recommended. Catron et al. (1952) 
reported that when feeding four different dietary protein levels, 17, 
15 , lJ or 11% during a weight period similar to 45 to 77 kg, the low 
protein diets were adequate. Hoefer et al. (1952) agreed with the 
above results. Pigs fed a 15 or 12i dietary protein level from 45 to 
· 92 kg were similar in rate of gain and feed efficiency. However, 
somewhat conflicting results were obtained by Carroll -and Burroughs 
(1939) and Jurgens et al. (1967) .  Carroll and Burroughs (1939 ) as 
cited by Lassiter et !!• (1955) found that the most optimum dietary 
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protein level was 15% for the support or daily gains from 34 to 68 
kilograms. Jurgens et !!.• (1967 ) fed mile-soybean meal diets to pigs 
from 57 to 95 kg and obtained significantly higher average daily gains 
and improved feed efficiency when diets- of 16% protein were fed compared 
to 12% protein diets. It is possible that the milo based diet was 
lower in lysine content which could be responsible for the poorer 
performance of pigs fed 12% protein. 
Results of experiment 2 indicate that a 10� dietary protein 
level is not adequate for the pig from 45 to 77 kg live weight. Pigs 
fed the 1si protein level gained significantly faster and more 
efficiently than those pigs fed 1oi protein diets. Compensatory gain 
was observed as pigs fed the 18% protein level preceded by a 12% protein 
level gained faster and more efficiently than pigs fed an 1ai protein 
diet continuously. In addition, pigs fed a 10% protein level preceded 
by an 18% protein diet gained slightly faster and more efficiently 
than pigs fed a 10% protein regimen preceded by a 1� protein level. 
This could possibly be due to a storage of protein by pigs fed the 18% 
protein level during the first period. Somewhat difficult to explain 
are the results of Becker et al. (1954) who fed three different 
dietary protein levels, 10, 12 or 14%, from 45 to 92 kg and reported 
fastest gains and lowest feed per gain ratios in pigs fed the 12 and 
10� protein levels, respectively. On the other hand, Seymour et al. 
(1964) found that pigs fed a 14% protein level from 57 to 88 kg grew 
significantly faster and more efficiently than pigs fed a lo% protein 
level. 
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The compensatory gain observed in this study is due to placing 
the pig in a condition of protein deficiency. By later feeding an 
adequate protein level, growth is faster than a normal rate. These 
results agree with the · early work of Osborne and Mendel (1915 ) as cited 
by Maynard and Loosli (1969 ) who conducted experiments with laboratory 
animals. They found that following a period of retardation growth 
in weight can be resumed at a more rapid rate than normally exhibited 
at any time during life. Maynard and Loosli (1969 ) attempted to 
explain this phenomenon by stating that when a nutrient deficiency 
exists cells may be depleted yet remain in outline, capable of being 
filled in later without complete rebuilding. They continue by stating 
that the rapid increase in weight which follows retardation may be due, 
to a considerable extent, to a replacement of lost fat; and this 
process may take place more rapidly than true growth. Cellular 
development may proceed in important ways and yet not be reflected in 
any increase in weight. 
In both experiments 2 and 3 of this study, barrows gained 
significantly faster than gilts. Hale and Southwell (1967 ) ,  Tanksley 
and Escobosa (1971) and Wagner � al . (1963) reported faster gains for 
barrows versus gilts during many different weight stages of the 
growing-finishing pig. 
Seventy-seven to 113 Kilograms. Results of experiment 1 suggest 
that a 12% level of dietary protein is adequate for meeting the protein 
requirement of the pig for daily gain and efficiency of feed utilization 
during this particular weight period. In addition, it appears that 
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feeding of either a 20 or 16% protein level during this period results 
in some wastage of protein if daily gain and efficiency of feed 
utilization are the only criteria of response. 
In experiment 2, only two protein levels were compared during 
this late period. Results obtained show that feeding of a 10% dietary 
protein level during this period is inadequate if a 10% protein level 
was fed during the previous period of 45 to 77 kilograms. Compensa­
tory gain was again noticed as pigs fed an 18% protein level preceded 
by a 12-10% protein sequence gained markedly faster and more 
efficiently than pigs in the other groups. In addition, results 
indicate that, if considering only those pigs fed a 12-18% protein 
sequence initially, a 10% protein level was adequate during the final 
period. Similarly, pigs fed an 18% protein level during both of the 
first two periods did not differ in growth performance when fed either 
a 10 or 18i protein level during the third period. This suggests a 
possible protein carry-over effect enabling pigs to respond normally 
on a lo% protein level during this period. 
In experiment 3 ,  average daily gain was slowest, 0 . 76 kg , in 
pigs fed either a 14 or 10% protein diet preceded by an 18-12% protein 
sequence. However, daily gains, 0. 83 kg , were highest in pigs fed a 
14 and 16� protein level preceded by an 18-16 and 18-14% protein 
sequence. These results would suggest that the optimum level of 
dietary protein during this third period depends somewhat on the protein 
level fed during the second period. In addition, it appears that, if 
a 16� level of protein is fed instead of 12% during the 45 to 77 kg 
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period, less protein is required for optimum daily gain during this 
final period. This may be due to a protein carry-over effect. It was 
also found that pigs fed an 18-12 or 18-16% protein sequence initially 
grew as well when fed 12% protein diets as when fed 14 or 16% protein 
during this period. Pigs fed an l8-12i protein sequence first required 
significantly more feed per unit of gain when fed a 10% dietary protein 
level compared to 16, 14 or 12% during the final period. Also, pigs 
fed an 18-16% protein sequence previously were significantly lower in 
efficiency of feed utilization when fed a 10% protein regimen during 
this period compared to 16, 14 or 12%. These results indicate that 
a 10% level of dietary protein is inadequate for optimum efficiency 
of feed utilization during this final period. Also, feeding of protein 
levels above 12% during this final period does not markedly improve 
efficiency of feed utilization. However, compensatory growth was noted 
for pigs fed a 16% protein regimen preceded by an 18-12% protein 
sequence. Feed per gain ratio was 3. 72. 
In summarizing all three experiments, it would appear that a 12i 
dietary protein level is adequate for the pig from 77 to 113 kilograms. 
A 10% protein level appears to be slightly inadequate depending 
somewhat on the previous protein level fed. Feeding levels higher 
than 12% protein appears to result in wastage of protein as regards 
to daily gain and efficiency of feed utilization. 
Initial Weight to llJ Kilograms. Results of experiment 1 
indicate that feeding of a 20-16-12i protein sequence was 
optimum for daily gain and efficiency of feed utilization. This 
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suggests that the requirement of the pig for protein decreases as a 
percentage of intake as he increases in live weight.  These results 
are somewhat in agreement with Lee � .!1.• (1967) who reported that 
pigs fed either a 21-18-15 or 18-15-1�- protein sequence gained 
significantly f aster than those pigs consuming a 15-12-9% protein 
sequence. Seymour et !!.• (1964 ) found that pigs fed a 20-17-14% 
protein sequence gained significantly faster arxi more efficiently than 
pigs fed a 16-13-lOi protein regimen . Carroll and Burroughs (1939 ) as 
cited by Lassiter et al. (1955) observed that pigs fed an 18 or 
20-15-12% protein level during the weight periods of 23 to 34 kg, 34 
to 68 kg and above 68 kg, respectively, proved optimum. 
From the results of experiment 2, it can be concluded that 
12-10-10 and 18-10-10% protein sequences were inadequate for optimum 
growth performance. In addition, although an 18% protein level fed 
continuously resulted in the fastest overall gains, this diet may be 
too expensive for practical use. Whenever feeding a high level of 
protein, similar to 18%, to pigs heavier than 45 kg, wastage of protein 
occurs according to the results of this experiment and other similar 
studies . 
In experiment 3, the results suggested that an 18-12-12% protein 
sequence was adequate for supporting daily gains and efficiency of 
feed utilization comparable to higher protein sequences studied . 
However, feeding protein levels much lower than 12% after the pig 
reaches 45 kg may retard performance. 
Quantitative Carcass Trai ts 
The experiments reported herein indicate that feeding low 
levels of dietary protein reduced 1• dorsi muscle area, ham a.nd loin 
percent and lean cuts percent. 
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In experiment 1, treatment differences in 1. dorsi muscle area 
were small. Pigs fed a 12% protein diet continuously possessed the 
smallest 1. dorsi muscle area, 29. 05 sq cm, canpared to 31. 44 sq cm 
for pigs fed a 16-12-12% protein sequence. However, treatment differ­
ences in  1• dorsi muscle area were larger in  both experiments 2 and 3, 
when lower levels of dietary protein were fed during the latter two 
growth periods. In experiment 2, pigs fed protein levels of 18-10-18% 
am 18i continuously had 1· dorsi muscle areas that averaged 18i 
larger than the average of pigs fed 12-10-10 and 18-10-10'% protein 
sequences. Area of the 1• dorsi muscle was 30.48 sq cm for pigs fed 
an 18-12-10� protein sequence in experiment 3. This was 16% smaller 
than the !• dorsi muscle area, 36. 38 sq cm, of pigs fed an 18-12-16% 
protein  sequence. The effect of dietary protein level on !• dorsi 
muscle area was similar during each growth period. In experiment 2, 
pigs fed protein levels of 12 versus 18% during the first growth 
period had !• dorsi muscle areas of 30.76 and 32.91 sq cm, respec­
tively. Pigs fed protein levels of 10 versus 18% during the second 
growth period had 1_. dorsi muscle areas of 31.13 and 32. 54 sq cm, 
respectively. During the third growth period, pigs fed a 10� protein 
diet had 1.• dorsi muscle areas of 30. 66 sq cm versus 33.01 sq cm for 
pigs fed an 18% protein regimen. Tanksley and Escobosa (1971) 
reported significantly larger 1• dorsi muscle areas for pigs fed 19-16 
and 16-16% protein sequences versus 16-13 and 13-13% dietary protein 
regimens.  Hale and Southwell (1967 ) reported significantly larger 
!• dorsi muscle areas for pigs fed an 18-15 versus 14-11% protein 
sequence. Although many investigators have reported that 1• dorsi 
muscle area is reduced when pigs are fed low protein levels, Dukelow 
!!:, al. (1963 ) found that !.• dorsi muscle area was not improved 'When 
pigs were fed 16 and 14% protein levels versus 12%. 
The percent of lean cuts in the carcass was significantly 
affected by level of dietary protein in both experiments 1 and 2 .  
Carcasses from pigs fed the hi gher protein sequence diets had a 
greater lean cuts percent than when pigs were fed low protein diets. 
These differences ranged from an increase of 1 .15% in lean cuts when 
2o% protein diets were fed compared to 12% diets to almost J. 00% more 
lean cuts when pigs had been fed an 18-10-18% protein regimen rather 
than 18-10-1o% protein diets • .Although no significant treatment 
differences were observed in lean cuts percent in experiment 3 ,  pigs 
fed an 18-12-16% protein sequence had 45. 69i lean cuts compared to 
only 42 . J� for pigs fed an 18-12-1Q% protein sequence. 
In experiment 3 both percent ham and loin and lean cuts 
decreased stepwise as the following protein sequences were fed : 
18-16-16, 18-16-14, 18-16-12 and 18-16-10% or 18-12-16, 18-12-14, 
18-12-12 and 18-12-10%. Differences in carcass leanness between pigs 
fed higher protein sequences were small. These results are in agree­
ment with Ashton et al. (1955) who fed dietary protein levels over the 
85 
range of 10 to 2Q%. They reported a significantly greater proportion 
of lean in carcasses occurred as level of protein increased. However, 
differences between two adjacent units of protein were very small. 
Hale and Southwell ( 1967) observed that pigs fed either an 18-15 or 
16-13% protein sequence had a significantly higher weight of lean cuts 
than pigs fed a 14-lli protein sequence. Lee et al. (196? ) fed three 
different protein sequences, 21-18-15, 18-15-12 and 15-12-9%. Pigs 
fed the high protein sequence had significantly higher percent lean 
cuts than pigs fed the 15-12-9% protein sequence. Seymour et al. 
( 1964)  fed protein sequences of 20-17-14 and 16-13-10%. Pigs fed the 
high level of ·protein yielded carcasses containing a significantly 
higher percent of lean cuts. Results of Catron et al. ( 1952) conflict 
with those previously discussed. These authors found no significant 
treatment differences in carcass traits when fat type pigs were fed 
either a 20-17-14 or 14-11-8% protein regimen. 
Results of the experiments reported in this study indicate 
that dietary protein does affect carcass lean development. As 
dietary protein level increased above 12%, less effect on lean 
development occurred. Pigs restricted in protein early in the 
experiments had similar muscle development to those fed higher levels 
during this period if adequate protein levels were fed during later 
growth periods. Kropf et al. ( 1959) reported that muscle developnent 
that had been retarded by inadequate protein during early growth 
could be stimulated later in the growth period by feeding a diet 
adequate in essential amino acids. 
It would appear that the pig apparently has the genetic 
capability to utilize a specific amount of protein for carcass lean 
development. After this requirement is met, extra protein will not 
further affect lean development . The pigs used in this study were 
above average in meatiness. Possibly, meatier pigs than those used 
would have utilized a high protein regimen more efficiently for lean 
development. Greely et al. (1964b ) reported that once the pig ' s 
growth requirements for protein and amino acids are met further 
improvement on carcass leanness will not result. Aunan et al. (1961) 
concluded that the effects of dietary protein on carcass quality are 
relatively minor unless grossly inadequate protein levels are fed. 
They indicated that a much more important consideration in carcass 
development is the genotype of the animal. 
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Pigs fed low protein regimens had more carcass backfat in all 
experiments than those pigs fed higher protein diets. However, this 
difference was significant only in experiment 3 where values ranged 
from J. 42 cm for pigs fed an 18-12-14% protein sequence to 3.90 cm 
for pigs fed an 18-16-10% protein regimen. The effect of dietary 
protein level on carcass backfat was similar during each growth period 
in experiments 2 and J. Pigs fed a 12% protein diet versus 18% during 
the first growth period in experiment 2 had 3. 60 and 3. 54 cm of 
backfat, respectively. During the second period pigs fed a 10% 
protein diet had 3. 59 cm of backfat versus 3. 55 cm for pigs fed an 1si 
protein regimen. Pigs fed a 1oi protein regimen during the final 
growth period had 3. 63 cm of backfat versus 3 .51 cm for pigs fed an 
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1� protein diet. These results suggest that carcass backfat is 
affected slightly by small differences in dietary protein but mainly 
influenced by feeding diets varying four or more percent in protein 
content. Hale and Southwell (1967 )  and Lee et al . (1967 ) reported 
that high levels of dietary protein reduce carcass backfat compared to 
feeding low protein regimens. 
No significant treatment differences were observed in carcass 
length in any experiment. Similar results were reported by Wilson 
et !!• (1953 ), Hale and Southwell (1967) and Lee et al. (1967). 
However, Jurgens et al. (1967) found that carcass length decreased 
when higher protein levels ware fed, 16 versus 12%. 
Dietary protein level had no significant effect on dressing 
percent in any of the experiments. Dressing percent of swine is 
influenced mainly by fat, muscle, fill and sex. Sex and fill were 
equalized between treatments which help account for no significant 
treatment differences in dressing percent. These results agree with 
Hale and Southwell (1967) and Lee et al. (1967 ) who reported no 
significant difference in dressing percent when pigs were fed diets 
of different protein sequences. 
In both experiments 2 and 3, gilts had significantly larger 
.!• dorsi muscle areas, greater percent ham and loin, less backfat and 
longer carcasses than barrows. In addition, in experiment 3 gilts 
had a higher percent lean cuts than barrows. Tanksley and Escobosa 
(1971 ), Crum et al. (1964), Kropf et al .  (1959 ) and Hale and Southwell 
(196? ) reported that gilts have less fat, more muscle and longer 
carcasses than barrows. 
Qualitative Carcass Traits 
Overall results from the three experiments conducted suggest 
that dietary protein level greatly infiuences the intramuscular fat 
content of the !• dorsi muscle of the pig. A 74% increase was observed 
in the fat content of the !• dorsi muscle when dietary protein was 
reduced from 20% continuously to 12% continuously in experiment 1. 
In experiment 2, a 193% increase in the fat content of the 1. dorsi 
muscle occurred when dietary protein was reduced from 18% continuously 
to a 12-10-10% protein sequence. Fat content of the 1. dorsi muscle 
in experiment 3 increased frOlll 3 . 39i for pigs fed an 18-16-14% protein 
sequence to 6.981, for pigs fed an 18-12-10% protein sequence. In 
addition, dietary protein level affected moisture and protein content 
of the !• dorsi muscle but to a lesser extent than fat content. 
Protein content of the !• dorsi muscle increased from 21. 22 to 22.14% 
when dietary protein regimen increased fran 12-12-12% to 20% continuously 
and moisture content of the ]:. dorsi muscle increased from 71. 27 to 
72. 19% when these dietary protein levels were fed. In the experiments 
reported herein, fat, moisture and protein content of the 1. dorsi 
muscle were calculated on a fresh basis. Calculated on a 100% dry 
· matter basis, fat and protein percent of the !• dorsi muscle were 
10. 20 and 79. 60 ,  respectj vely, for pigs fed a 2CY;b protein level 
continuously and 17. 29 and 73. 86i , respectively, for pigs fed a 12% 
89 
protein level continuously in experiment 1. The trends in protein am 
moisture content as affected by dietary protein level were observed 
in all experiments. Wagner et al. (1963 ) and Jurgens et al. (1967) 
- - - -
found that percent protein of the .l• dorsi muscle was significantly 
increased, while percent fat was significantly decreased in the !• 
dorsi muscle when pigs were fed higher levels of dietary protein. 
Lee et al. (1967)  found pigs fed a 21-18-15% protein sequence had 
significantly more protein and moisture and less fat in the fresh ham 
muscle than did pigs fed a 15-12-9% protein sequence. 
In all experiments conducted marbling scores and color and 
firmness scores were low for most treatment groups. Results indicate 
that feeding of low protein levels increased marbling content 
slightly. This difference was significant in experiments 2 and 3. 
Pigs fed a 12-10-10% protein sequence had a marbling score of 2. 83 
compared to 1. 92 for pigs fed a 12-18-10% protein sequence in experi­
ment 2. This suggests that low dietary protein levels may lead to 
increased intramuscular fat content of the 1. dorsi muscle. These 
results are in agreement with Crum et al. (1964) who reported marbling 
content decreased as higher protein levels were fed. 
Color and. firmness of the 1. dorsi muscle was not significantly 
affected by dietary protein level. Values in experiments 1, 2 and 3 
varied from 2. 35 to 2. 81, 1. 81 to 2. 39 and 1.92 to 2.42, respectively. 
Crum et al. (1964) reported that carcass firmness decreased as higher 
protein levels were fed. Jurgens et al. (1967), however, noted that 
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firmness of the !• dorsi muscle increased as dietary protein level was 
increased from 12 to 16%. 
In experiments 1 and 2, Warner-Bratzler shear values were less 
for pigs fed the low protein sequences. Lee et al. ( 1967) also 
reported lower shear values when pigs had received low protein diets. 
This suggests that dietary protein level may influence shear test 
but not greatly. 
In all experiments, it was difficult to relate percentages of 
cooking loss, volatile gas loss and drip loss to dietary protein level. 
It can be concluded that losses during cooking were not affected by 
dietary protein level. 
Taste panel tenderness, fiavor and juiciness scores were fourrl 
acceptable. This indicated that the 1_. dorsi muscle of pigs marketed 
at a heavy weight was acceptable in these traits. Treatment differences 
in taste panel flavor and tenderness scores were not signliicant. 
Tenderness score appeared to be somewhat related to shear test. Pigs 
ted a 12-18-10% protein sequence had a tenderness score of 2. 92 and 
a shear value of 12. 39 kg compared to pigs fed an 18-18-10% protein 
level which had a tenderness score of 4. 29 an:l a shear value of 17. 11 
kilograms. However, this relationship was not consistent. Juiciness 
score was not related to dietary protein level in experiments 1 and J. 
However, in experiment 2 significant treatment differences existed in 
juiciness score in favor of the low protein regimen. Pigs fed a 
12-10-10% protein sequence had the most desirable juiciness score, 
3 .75 .  This is in comparison to 4 . 87 for pigs fed an 18� protein level 
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continuously. Lee et al. (1967) reported no significant differences 
in fiavor and juiciness score when three different protein sequences 
were fed, 21-18-15, 18-15-12 and 15-12-9%. However, tenderness score 
was significantly more - desirable for pigs fed the low protein sequence 
versus the medium and high protein sequences . 
SUMMARY 
A total of 312 crossbred pigs, 216 barrows and 96 gilts, were 
used in a series of three experiments to determine the effect of 
dietary protein level during three gro'W'th periods of the pig. Pigs 
were fed corn-soybean meal supplemented diets fran approximately 20 
to 113 kilograms. Growth performance data and quantitative a.rxi 
qualitative carcass traits were measured. 
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From initial weight to 45 kg, pigs fed diets of 16, 18 or 20% 
protein gained significantly ( P <. 01) faster than those pigs fed 12i 
protein diets. Feed per gain was significantly improved for pigs fed 
20 or 18% protein ( P  < .  01 ) and for pigs fed 16% dietary protein 
(P <. 05 ). 
During the 45 to 77 kg weight period, significant (P <. 05) 
treatment differences occurred in average daily gain in experiment 1. 
Pigs fed a.. 16% protein level, preceded by a 12% protein regimen 
during the initial growth period, had the highest daily gain , 0.92 
kg, and also the lowest feed per gain ratio, 3. 11. These pigs gained 
approximately 10% faster while requiring 9% less feed than the average 
of pigs fed protein levels of 20 and 12i or 16% preceded by 2oi 
protein du.ring the first period. It is assumed that the difference 
in performance of pigs fed the 16� protein level during this period 
is due to compensatory growth because of inadequate protein during 
period one for those pigv fed 12% protein during that period. During 
this same growth period in experiment 2 ,  pigs fed an 18% protein diet 
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gained both significantly (P  <. 01) faster and more efficiently than 
those fed a 1� protein diet. When all pigs were f ed 18% protein diets 
during the first growth period (experiment 3 ) ,  there were no signifi­
cant differences in rate or efficiency of gain when pigs were fed 12 
or 16% protein diets during the second growth period . Pigs fed the 
16� protein level gained 0. 82 kg per day with a feed per gain ratio of 
J. 20. Pigs fed the 12i protein diet gained 0. 79 kg per day and had a 
feed per gain ratio of 3 . 31 .  
For the period 77 to 113 kg, rate of gain and feed per gain were 
similar in experiment 1 when pigs were fed diets of 12, 16 or 20% 
protein. Rate of gain was 0 . 85 ,  0 . 83 and 0 . 87 kg arrl feed per gain was 
4 . 06 ,  3 .91 an:i J. 85 for pigs fed the 20, 16 and 12% protein diets, 
respectively. Pigs fed an 18% protein diet a.f'ter having received the 
12-10% protein diets previously gained faster am more efficiently 
than other treatment groups in experiment 2. Part of this response is 
attributed to compensatory growth. Pigs fed this protein level gained 
17% faster and required 21% less feed than pigs fed the same dietary 
protein level preceded by a 12-18% protein sequence . Pigs fed a 10% 
protein level preceded by 12-10 a.rrl 18-10% protein sequences gained 
approximately 19% slower and required 20� more feed than the average of 
other treatment groups. In experiment 3, daily gains did not differ 
significantly when pigs received diets of 16, 14, 12 or 10% protein 
during this final period. However, pigs fed diets of 10� protein 
required significantly (P < .  01) more feed per gain than pigs fed 12, 
14 or 16� protein diets during this final growth period. 
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Overall gains in experiment 1 were significantly (P  <. 01 ) less 
when pigs were fed the 12% protein diet continuously or the 12-16-20% 
protein sequence. A 20-16-12% dietary protein sequence resulted in 
the best growth performance. In experi�ent 2 pigs fed 18% protein 
continuously or an 18-18-10% protein sequence gained significantly 
(P < . 01 )  faster than those pigs fed an 18-10-10 or 18-10-18% protein 
sequence. Daily gains varied from 0 . 59 kg for pigs fed a 12-10-1� 
protein sequence to 0 . 78 kg for pigs fed an 18% protein level continu­
ously. Significant (P < . 01 )  treatment differences also existed in 
feed per gain. Pigs fed the low dietary protein sequence, 12-lO-lo%, 
required 27% more feed per gain than did those pigs fed a 12-18-loi 
protein sequence. Daily gains were similar from initial weight to 113 
kg for pigs in experiment 3 .  However, pigs fed 18-16-10 and 18-12-10� 
protein sequences required approximat ely 6% more feed than the average 
of pigs fed the other protein sequences, 18-16-16, 18-16-14, 18-16-12, 
18-12-16, 18-12-14 and 18-12-12�. 
The area of the 1. dorsi muscle was reduced when low protein 
diets were fed. In experiment 1 this difference was not significant, 
although pigs fed the lowest protein dietary sequence, 12% continuously, 
did have the smallest 1• dorsi muscle area. Significant treatment 
differences ( P <. 01 )  existed in !• dorsi muscle area in experiment 2 .  
Largest !• dorsi muscle areas were obtained when pigs were fed high 
(18� ) protein diets during the first and at least one other growth 
period. Area of the l• dorsi muscle was 34. 25, J4. 21 and 33.58  sq cm 
for pigs fed 18-18-18, 18-10-18 or 18-18-10% protein sequences, 
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respectively. Smallest 1• dorsi muscle area occurred when pigs were 
fed the low (10%) protein diets during the last two growth periods. 
Pigs fed diets of 12-10-10 or 18-10-10% protein had 1_. dorsi muscle 
areas of 28.60 and 29. 59 sq cm, respectively. In this experiment 1. 
dorsi muscle area was reduced 2. 16 cm when 12% diets were fed in 
period one and 1. 41 and 2. 35 cm when 10% protein diets were fed in 
periods two and three, respectively. Pigs fed 10% protein diets 
during the third growth period in experiment J had smaller .!• dorsi 
muscle areas than pigs fed diets _of 12, 14 or 16% protein during this 
period. 
In all experiments, percentages of ham and loin arrl lean cuts 
decreased when pigs were fed low protein diets. In experiment 1, 
significant treatment differences existed in both ham and loin and 
lean cuts percent. Pigs fed a 12-16-20% protein sequence had 45 .43% 
lean cuts compared to 43. 58% for pigs fed a 12% protein level continu­
ously. In experiment 2, percent lean cuts was higher for pigs fed 
protein levels of 18-10-1� and 18% continuously. These values were 
46.92 and 46. 74%, respectively, compared to 43. 99% for pigs fed an 
18-10-10% protein sequence. In experiment 3, pigs fed 10% protein 
during the final growth period had lower percentages of ham and loin 
and lean cuts than pigs fed 16, 14 or 12% protein diets. Pigs fed 
protein sequences of 18-16-10 and 18-12-10% had lean cuts percentages 
of 42. 65 and 42. 32%, respectively, compared to 45. 69% for pigs fed an 
18-12-16% protein sequence. In both experiments 2 and 3, dietary 
protein level affected lean cuts percent more during the final period 
of growth than during the second growth period. 
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Carcass backfat was higher for pigs fed a low dietary protein 
regimen in all experiments. However, this difference was significant 
(P <. 05 ) only in experiment J. Carcass backfat of pigs fed an 18-12-10� 
protein sequence was 3. 88 cm, significantly (P <. 01)  more than that of 
pigs fed 18-12-16, 18-12-14 or 18-12-12i protein sequences. In 
addition, pigs fed protein sequences of 18-16-10 and 18-16-12� had 
carcass backfat of 3 .90 and 3 . 75 cm, significantly more than pigs fed 
18-16-14 and 18-16-16% protein sequences. 
No significant differences existed between treatments in 
carcass length or dressing percent in any of the experiments. 
Significant treatment differences existed in all experiments in 
fat content of the !• dorsi muscle. In experiment 1 the fat content 
of the .!• dorsi muscle for pigs fed diets of 20 or 12% protein 
continuously was 2. 84 and 4. 97%, respectively. Likewise, in experiment 
2 the fat content of the 1. dorsi muscle increased from 1. 79 to 5. 24% 
' -
for pigs fed 18% protein continuously and a 12-10-10'.i protein sequence, 
respectively. Fat content of the !• dorsi muscle was 3. 39 versus 6. 98% 
for pigs fed 18-16-14 and 18-12-10% protein sequences, respectively. 
In contrast, protein and moisture contents of the !• dorsi muscle 
were usually higher for pigs fed the higher protein regimens. However, 
these differences were not as great as differences in fat content. 
Marbling score of the 1. dorsi muscle was increased significantly 
( P <. 05 )  when feeding low dietary protein regimens in both experiments 
2 and J .  No significant difference occurred between treatments in 
color and firmness, shear test, cooking loss, or tenderness and flavor 
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score of the !• dorsi muscle. However, in both experiments 1 and 2 
shear test was lower in pigs fed the low protein levels. Significant 
treatment differences existed in volatile gas loss an:l drip loss of the 
cooked 1. dorsi muscle in experiment 2.  However, no trems could be 
found on the effect of protein on these two traits in any of the 
experiments. Juiciness score of the 1. dorsi muscle was significantly 
different in experiment 2. Pigs fed the low protein regimen, 12-10-10�, 
had the lowest most desirable juiciness score, 3 . 75 ,  in experiment 2. 
This is in comparison to the highest score, 4. 87 , for pigs fed an 18% 
protein level continuously. 
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